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Acantlioli2)es circumdata, 135.

frimeni, 135.

Acanthonyx seriopuncta, sp. n.

(PI. I. fig. 41), 125.

Achcea catella, 125.

Achthina, gen. n., 179.

ctenodes, sp. n., 180.

Acidalia actuaria, 149.

addictaria, 151.

cinerascens, 160.

coenosaria, 152.

consentanea, 149.

derasata, 149.

horiochroea, sp. n., 149.

luridata, 152.

minoa, sp. n. (PI. II. fig. 20),

148.

minorata, 149.

fulchellata, 151.

pyrrhochra, sp. n. (PI. II.

fig. 18). 152.

remotata, 149.

sagittilinea, 153.

spoliata, 149.

timia, sp. n. (PI. II. fig. 19),

151.

(Pylarge) nepheloperas,
sp. n,,^150.

Acidaliastis subbrunnescens,
sp, n., 146.

Aclonophlebia inconspicua,
sp. n. (PI. II. fig. 9), 139.

Acontia albai/o, 125.

geinliyrias, 125.
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fig. 14), 109.

Acroriesis ignifusa, gen. et sp. n.

(PL I. fig. 6), 110.

JEgocera brevivitta, 103.

Agathodes musivalis, 1 74.

Aglossa basalis, 171.

mcultalis, 171.

ommatalis, 171.

Alona intermedia, 335.—-- rectangula, 335.

Alonella davidi, 335.

excisa, 336.

karua, 336.

Amoeba agricola, sp. n. : structure,

development (PI. IV. figs. 66-74),

326.

lawesiana, sp. n. : structure,

development (Pis. III., IV. figs. 49-

65), 321.

Amyna octo, 120.

punctmn, 120.

Ajiadiasa simplex, 166.

Anatomy. See Stkuctueh.

Ancylolomia pectinifera, 169.

Anoa deprtssicoriiis (z. s. L.), 298
Anomis erosa, 135.

fimbriago, 135.

Antarchcea fragilis, 135.

subfiavalis, 135.

Antigastra catalaunalis, 176.
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Apisa cane^ccns, 101.

Arhelodes rufula, 165.

Argadesa materna, 136.

Ariela fasciata: structure (Figt-. 2, 4,

7, 10), 349.

Ai'tibeus planirosti-is : structure (Fig.

25), 229.

Ascotis selenaria, 163.

Aspilales semispurcaia, 157.

Asplenia rubrescens, sp. n. (PI. II

fig. 1), 133.

Athetis discopuncta, sp. u. (PL I.

fig. 8), 106.

ectomelaena, sp. n. (PI. I. fig. 9),

106.

leuconeiplira, 106.

Atilas paludinosus: structure (Figs. 1,

4, 5, 9), 349.

Auchenisa cerurodes, sp. n. (PJ, J.

fig. 43), 129.

Aulotarache plumbeogrisea,

sp. n. (PI. I. fig. 34), 122.

Autliadistis camptogramma,
sp. n. (PI. I. fig. 44), 128.

Ayes :

Fossils from Malta: systematic, 421.

Axis axis (z. s. l.), 447.

Asygophleps inclusa, 165.

Babirussa babirussa : structure (Fig. 17),

214.

Balsenoptera phjsalus: structure (Fig.

15), 211.

Batrachia :

Rana temporaria : variation, 87.

Bdeogale pnisa: structure (Figs. 6, 9),

349.

Boopia tarsata : structure (Fig. 9), 269.

Bostra pyrcchroalis, sp. n. (PI.

II. fig. 43), 172.

tenehralis, 172.

varians, 172.

Bubo bubo (z. s. l.), 298.

Bufo arenarum (z. s. l.), 298.

Calamoschoena, gen., n., 169.

-— ascriptalis, sp. n, (PL II. fig. 38),

170.

Calpe vagabunda, 136.

Canthocam-pius grandidlcri, var. (Pis. I.,

II. fig.s. 7-9), 337.

Capreolus capreolus : variation, 298.

Casama vilis, 139.

Catephia eurymelas, sp. n. (PL I.

fig. 49), 132.

mesonephele, sp. n. (PL I.

fig 48), 131.

pericyma, sp. n. (PL I. fig. 46),

131.

poliochroa, sp. n. (PL I. fig. 47),

130.

pyramidalis, sp. n. (PI. I. fig.

45), 129.

Cephalophus dorsalis (z. s. L.), 447.

Cercopithecus preussi (z. s. l.), 441.

Ceriodaphuia cornuta, 334.

rigaudi, 334.

Cerocala albimacula, sp. n. (PL I

fig. 42), 126.

illuntrata, 1 26.

oppia, 127.

Cervuliis cambojensis, 62.

Gervus aristotelis, 62.

unicolor, 62.

subsp. 62.

—'

cambojensis, 62.

equinus, 62.

Cetola pulchra, 105.

Chcdciope hyppasia, 126.

Chelecala trefoliata, 125.

Chilena donaldsoni, 167.

Chionoxanthia leucophaea, sp. n.

(PL I. fig. 23), 115.

Chirom^'s madagascariensis : structure

(Fig. 29), 237.

CMorerythra ruhriplaga, 148.

Chloridea. albivenata, sp. n. (PL I.

fig. 3), 103.

r obsoleta, 104.

Chlorissa stibolepida, 143.

Chydorus barroisi (PL I. figs. 4, 5), 336.

parvus (PL I. figs. 2, 3), 336.

,

Cirphis loreyi, 104.

Oitellus mongolicus (z. s. l.), 297.

Cledeobia radialis, 174.

Coenina tergimacula^sp. n. (PL II.

fig. 12), 162.
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Coenobasis chloronoton, sp. n.

(PI. II. fig. 35), 167.

f'lilviccn'ims, 167.

ConiibcBna stibolepida, 143.

Comostolopsis stillata, 145.

ConnochEetes gnu : stivicture, 2i0.

Constantiodes pyralina, gen. vi

sp. u. (PL I. lig. o5), 1U7.

Cornifrons albidiscalis^ sp.

(PI. II. fig. 49), 177.

Cortyta canescens, 128.

leucoptera, 127.

rosacea, 128.

Craspedia addictaria, 161.

rufinuhes, 151.

sagittilinea, 15.3.

Cricetulus griseus (z. s. l.), 297.

Crocidolomia binokdis, 174.

Crocuta crocuta : structure (Fig. 2, v.),

304 ;
(Fig. 2), 444.

Crossarchus obscurus : structure (Figs.

2, 4, 7, 9, 10), 349; (Fig. 1),.442.

Crustacea :

Entomostraca i'roui Ceylon: system-

atic, 333,

Cyclestheria hislopi, 333.

Cyclofs distinctus (PI. I. fig. 6), 337.

hycdinus, 337.

leuckarti, 337.

fradnus, 337.

varicans, 337.

varius, var. j)'>'oximus, 337.

Cygnus equitum, sp. n. (Figs. 1, 2).

427.

Cyligramma latona, 125.

Cynictis penicillata : structure (Figs. 3,

8, 9), 349.

Cynopterus brachyotis angulaius, 40.

brachyotis, 40.

Cypricercus reticulatus, 339.

Cypridopsis newtoni (PI. III. fig. 16),

339.

Cytology.
Protozoa: Flagellata, Ebizopoda,

309.

Dajyhiiia Imaholtzi, 334.

Darapsa rosce, 141.

Dasychira miserata, 139.

remota, 139.

Dasypus villosus : structure (Fig. 11),

201.

Dattinia costinotalis, sp. n. (PI. II.

fig. 42), 173.

ornata, 173.

peratalis, sp. n. (PI. II. fig. 41),

173.

perstrigata, sp. n. (Pi. II.

fig. 40), 172.

Dendrogale frenata, 37.

Dendrohyrax dorsalis : structure (Figs.

12, 13), 202.

Dendrolagus ursinus : structure (Fig. 9),

197.

DEVELOrMENT.
Pisces: Phallostetbinse, 1.

Insecta: Anoplura, Mallopbaga, 253.

Protozoa : Flagellata, Rhizopoda,

309.

Diacrisia, rar., 102.

diversata, 102.

Diapkanosoma excistnn, 333.

Biaphone eumela, 104.

Diaptomus amies (PI. II. fig. 10), 338.

doriai, 338.

strigilipes, 338.

viduus, sp. n. (PL II. figs. 11-] 4),

338.

Didelphys albiventris (z. s. l.), 297.

aurita (z. s. l.), 297.

Dipus £egyptius : structure (Fig. 21),

223.

Discalma calvifrons, sp. n. (PL II.

fig. 14), 158.

puerilis, sp. n. (PL II. fig. 15),

157.

siibcurvaria , 157.

Duomitus mesosticta, sp. n. (PL II.

fig. 30), 165.

simillima, sp. n. (PL II. fig. 32),

166.

steniptera,Bp. n. (PL II. fig. 31),

166.

Earias insulana, 124.

Ecbidna hystrix : structure (Fig. 3),

190.
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Elaphiirus davidianus (z. s. l.), 298.

Elephas maximus : structure (Fig. 14),

210.

Elydna hisignata, 108.

Emat'urga hilineata, 160.

Endotricha consobmialis, 171.

Enispa flavipars, sp. n. (PI. I.

fig. 18), 112.

Ephyra rufistrigata, 148.

Epimys berdmorei magnus,

subsp. n. (Fig. 1), 57.

concolor, 57.

griseiventer, 57.

jerdoni marinus, subsp. n , 50.

pa7i, 51.

ratius, subsp., 55.

klumensis, subsp. n., 56.

. kraensis, subsp. n., 57.

makensis, subsp. n., 56.

rangensis, subsp. n., 56.

riifescens, 55.

surifer changensis, subsp. n.,

62.

connectens, subsp. n., 53.

eclipsis, subsp. n., 53.

finis, subsp. n., 51.

kutensis, subsp. n., 52.

pelagius, subsp. n., 53.

tenebrosus, subsp. n., 54.

Epiphora atbarinus, 164.

Equus granti : structure (Fig. 20), 221.

Estigmene griseata, sp. n. (PI. I.

fig. 1), 102.

Ethiopica ignecolora, sp. n. (PI. I.

fig. 10), 108.

phaeocausta, sp. n. (PI. I.

fig. 11), 108.

Ethology.
Mammalia : Limnotragus, 375.

Inbbcta : Lepidoptera, 383.

Euhlemma admota, 113.

arenostrota, sp. n. (PI. I. fig. 21),

114.

conhtrota, 114.

eremochroa, sp. n (PI. I. fig. 19),

113.

nigrivitta, 113.

ochricosta, sp. n. (PI. I. fig. 20),

114.

Euhlemma reducia, 113.

scitula, 114.

Eubolia dispufaria, 160.

Eucosma somalica, sp. n., 178.

Eucrostes astigmatica, sp. n.

(PI. II. fig. 22), 146.

ruhristicta, 145.

rufostellata, 146.

Eulocastra arg5a'ostrota, sp. n.,

(PI. I. fig. 33), 120.

Euphractus vellerosus pannosus (z.s.l.),

448.

Euphyia
(
Camptogramma) natalata,

156.

Eiiproctis fasciata, 139.

Eurycypris subglobosa, 339.

Eustrotia mianoides, 120.

Eufelia discistriga, 124.

grisescens, sp. n. (PI. 1. fig. 40),

124.

Euterpiodes croceisticta, sp. n.

(PI. I. fig. 16), 111.

pictimargo, sp. n. (PI. I. fig. 15),

111.

EutrichophUus seiosus : structure (Fig.

17), 283.

Euxoa spinifera, 104.

Eiizophera stramantella, 170.

villora, 170.

Peatheria obvia, gen. et sp. n. (PI. II.

fig. 33), 167.

Pelis : structure (Fig. 1), 443.

caracal (z. s. l.), 297.

eyra (z. s. l.), 297.

ocreatus (z. s. l.), 297.—— pardus (z. s. l.), 297.

salinarum (z. s. l.), 297.

Funambulus berdmorei, 48.

G-alidictis : structure (Fig. 1), 442.

Gallus bankiva: Tariation, 446.

Gargetta xylochroa, 141.

Gavara leucomera, sp. n. (PI. II

fig. 36), 168.

Gazella rufifrons (z. s. l.), 44]

.

Genetta: structure (Fig. 1), 442.



INDEX.

Geographical.
Mammalia: S.B. Siam, 27; Limno-

tragus : Sesse Islands, 375 ; Fossils

from Malta, 421.

AvEs : Fossils from Malta, 421.

Insecta : Moths from Somaliland,

91.

Crustacea : Entomostraca from

Oeylon, 333.

Geometra {Idea) minorata, 149.

Glossotrophia disparata soma-
liata, subsp. n., 153,

Glyphodes indica, 174.

Gnamptoloma, neptunaria, 148.

Gnampfonyx iiinexa, 127.

Goniocotes sp., 286.

gigas : structure (Fig. 18), 286.

microthorax, 285.

verrucostis, 286.

Goniodes bicuspidatus : development,

structure (Figs. 20-22), 288.

colcMcus, 286,

dispar, 286.

falcicornis : structure (Fig. 19),

287.

megaceros, 287.

minor, 286.

Gonodela obliqioilineata, 159.

Graimnodes netta, 160,

stolida, 126.

Grison allamaiidi (z. s. l.), 297.

Hamoproteus danilewskyi, 85.

Hellula undalis, 174.

Helogale undulata: structure (Figs. 1,

10), 349.

HemidromodeS; gen. n., 144.

robmta, 145,

Hemithea albistrigulata, 144.

malescripta, 144,

vermiculata, 144.

Hemitragus jemlaicus (z. s. l.), 447.

Herse convolvioli, 140.

Helerostegane indularia, 156.

Hierochtlxonia featheri, sp. n.

(PI. II. fig. 23), 145.

ruhus(a, 145.

Hippopotamus ampliibius : structure

(Fig. 16), 213.

Hip2Mtion celerio, 140.

rosce, 141.

roseipennis somalicum,
subsp. n., 140.

Hippotragus niger variani,

subsp. n. (Fig. 1), 298.

Hoplotarache caeruleopicta, sp.

n. (PI. I. fig. 37), 121.

ectorrida, sp. n. (PI. I. fig. 36),

121.

wubila, 121.

Ilvisna hy£ena : structure (ear) (Fig. 2),

303.

Hybophthirus notophcdlus : develop-

ment (Figs. 7, 8), 267.

Hydrochoerus hydrochoerus (z. s. l.),

448.

Hylobates agilis, var. pileatus, 29.

pileatus, 29.

Hypena abyssinialis, 136.

jussalis, 136.

oiiasurialis, 136.

sfrigata, 136.

Hypotacha indecisa, 125.

Hyrax dorsalis : structure (Figs. 12, 13),

205.

Hystrix bengalends, 60.

lambiodes vwerta, 104.

lehneumia albicauda : structure (Figs.

1, 4, 6, 9), 349.

Idcea luridata, 152.

Insecta.

Lepidoptera : analysis of patterns,

383 ; Moths from Somaliland :

systematic, 91 ; Anoplura, Mallo-

pbaga : structure, development,

systeuuitic, 253.

L(elia testacea, 139.

Lcsmobothrmm titan, 285.

Laphygma exigua, 105.

Lemur sp. : structure (Fig. 30), 237.

Leptodactylus inystacinus (z. s. L.), 298.

Piioc. ZuoL. Soc— 191(5, No. XXX. 30



Lepus sp. (black var.), 441.

Levcinodes orbonalis, 174.

Leydigia australis, 335.

, var. ceylonica (PI. I. fig. 1),

33.5.

Limnotragus spekei sylvestris,

subsp. n. (Figs. 1, 2), 375.

Linognathus cavis-capensis : structure

(Fig. 1), 257.

gasella, 260.

Umnotragi : structure (Fig. 2),

259.

pithodes, sp. n. : structure

(Figs. 3-5), 260.

fihialis : structure (Fig. 6), 260,

267.

Lophorache fulvirufa, 120.

Ludia hansali, 164.

Lyncesfis amphix, 133.

diascota, sp. n. (PI. I. fig. 50),

133.

Macaca andmnanensis, 30.

cynomolgus, 31.

irus, 31.

leonmiis, 30.

Macalla purpureopicta, sp. n.

(PI. II. fig. 39), 170.

Macaria obliquilineata, 159.

semialhida, 159.

Macropus bennetti (z. s. l.), 447.

Macrorhiuus leoniuus : structure (Fig.

27), 232.

Macroscelides sp. : structure (Fig. 22),

226.

Mavrothrix odiosa, 335.

triserialis, 335.

Maenas arborifera, 102.

Magulaba grisea, sp. n. (PL II.

fig. 4), 138.

M.iMMALIA.

From S.E. Siam : systematic, 27

;

Intestinal tract of Mammals : struc-

ture, systematic, 183; Hippotragus

niger variani : systematic, geogra-

phical, 298 ; Odocoileus ameri-

canus: antlers affected by cancer,

301 ; Mungotidis ; structure

Mammalia (co?*.).

(external characters), 349 ; Limno-

tragus spekei sylvestris : geogra-

phical, ethology, systematic, 375

;

Fossils from Malta, 421 ; Lepus

sp. (black var.), 441 ; Viverridse,

HyasnidEc : structure (alisphenoid

canal), 442.

Manis tricuspis : structure, 200.

Martes fiavigula indochinensis,

subsp. n., 35.

• peninstdaris, 35.

Matopo heterochroa, sp. n. (PL I.

fig. 5), 105.

Maurilia arcuata, 125.

Mccyna gilvata, 175.

Melasma psepliota, sp. n., 180.

recondita, sp. n., 181.

Menetes berdmorei, 48.

mouhotii, 48.

rufescens, subsp. n., 50.

umbrosus, subsp. n., 49.

Metapioplasta insocia, 122.

Metarbela diodonta, sp. n. (PL II.

fig. 28), 164.

perstriata, sp. n. (PL II. fig. 29),

165.

Metarctia burra, 101.

Mods repanda, 126.

Moina dubia, 334.

Morphology. See Structure.

Moschus moschiferus : structure (Fig.

18), 216.

Mungos auropunctatus : structure, 349.

brachyurus : structure, 349.

gracilis: structure (Figs. 1, 8),

349.

mungo: structure (Fig. 9), 349.

smithii : structure (Figs. 3-5),

349.

Muntiacus viunfJaJi, subsp., 01.

Mus concolor, 57.

griseiventer, 57.

rattus, 55.

rufescens, 55.

Naarda nigripalpis, sp. n. (PL II.

fig. 5), 139.



INDEX.

Negeta luminosa, 125.

Nemoria stillata, 145.

Neostethus, gen. n., 2.

bicornis, sp. n. : morphology,

development (Fig. 11), 14.

lankesteri, sp. n. : morphology

(Pis. I.-IV. ; Figs. 1-10, 12), 2.

Nephopteryx emussatatdla, 170.

—:— eugraphella, 170.

metamelana, 170.

serratella, 170.

Neromia malescripta, 144.

manderensis, sp. n. (PI. II.

fig. 24), 144.

Noctuelia globuliferalis, sp. n.

(PI. II. fig. 50), 177.

Nodaria external-is, 136.

Mold chtonea, 102.

Nomima prophanes, geu. et sp. n.,

178, 179.

Komophila noctuelia, 174.

Noorcla blitealis, 175.

Notodromas oculata (PI. III. fig. 15),

339.

Notox-yetes typhlops : structure (Fig. 4),

190.

Odobiienus rosmarus : structure (Fig. 26),

232.

Odocoileus americanus : antlers affected

by cancer, 301.

Odontoretha featheri, gen. et sp. n.

(PI. I. fig. 7), 105, 106.

CEdicodta limhata, 116.

melanographa, sp. n. (PL I.

fig. 25), 116.

-— strigipennis, sp. n. (PL I.

fig. 24), 115.

Oglasa cornuta, 133.

Oncocypris pustulosa, sp. n.

(PL in. figs. 17-21), 340.

Opidderes fiUlonica, 136.

Orcella brevirostris (Fig. 2), 65.

Ornithorhynchus anatinus : structure

(Fig. 2), 189.

Orycteropus capensis : structure (Fig.

10), 199.

Osteodes procidata, 157.

eritreensis, 157.

turbulentata, 157.

Ozarba consanguis, 117.

endoplaga, sp. n. (PI. I. fig. 32),

119.

endoscota, sp. n. (PL I. fig. 27),

117.

exolivacea,sp. n. (PL I. fig.30),

118.

hemimelmna, 118.

hemipyra, sp. n. (PL I. fig. 28),

117.

hemisarca, sp. n. (PL I. fig. 29),

118.

mesozonata, sp. n. (PL I. fig.

31), 119.

phcBa, 120.

sajicta, 120.

semitorrida, sp. u. (PL T.

fig. 26), 116.

Pachycoa olivacea, gen. et sp. n.

(PL I. fig. 12), 109, 110.

Pachgpal2}m subalbata, 163.

Pachysancla basalis, 176.

bipunctalis, 175.

ph(8opteralis, 175.

Pandesma anysa, 128. -

Papio leucopbgeus (z. s. l.), 447.

Paradoxurus hei-maphroditus, 33.

minor kutensis, subsp. n., 34.

pallasii, 33.

Parallelia algira, 126.

rectifascia, 126.

Paratiierta nana, sp. n. (PL I.

fig. 17), 112.

Paryphanta amiilinea, 168.

fimbriata, 168.

Pasipeda sambesita, 133.

Pathology.
Deaths in tiie Society's Gardens, 77-

Pedicinus rhesi, 256.

Pedicidus affinis, 255.

capitis, 255.

Pericyma metaleuca, 127.

Pcrigca capiensis, 104.



INDEX.

Fhalcena Geometra selenaria, 163.

Phalena pulchellata, 151.

Phallostethus dunckeri : morphology

(Pis. I., III., IV. ; Figs. 12-16), 16.

Phascolarctos cinereus : structure

(Fig. 8), 193.

Phaseolomys mitchelli : structure

(Figs. 6, 7), 193.

PhlyctcBnodes nudalis, 175.

Phthirpedicinus microps, 256.

Physiology.
Mammalia: Mungotid^e (anal sac),

349.

Pisces: Pballostethina;, 1.

Physocypria tuberata, sp. n.

(PI. III. fig. 22 : Fig. 1), 341.

Phytometra acuta, 128.

limbirena, 128.

ni, 128.

Pionea melanostictalis, sp. n.

(PI. II. fig. 46), 175.

rubritinctalis, sp. n. (PI. II.

fig. 45), 175.

Pisces :

Phallostethin£e : morphology : sys-

tematic, 1 ; Tilapia nilotica athi-

ensis : variation, systematic, 345
;

Trygon pastinaca (poison-organ),

431 ; Teleostei : structure, 448.

Pithecus fascicidaris, 31.

P,lasniodmm kochi, 85.

prcscox, 85.

Plecoptera hypoxantha, 135.

polymorpha, sp. n. (PI. II.

fig. 3), 134.

Poliana inici-a, 140.

Polydesma colutrix, 128.

Polyplax spintdosa, 256.

Prasinocyma perpulverata,
sp. n. (PI. II. fig. 25), 143.—- perscripta, ab. n., 143.

subfasciata, ab. n., 143.

Preshytis germaini, 32.

mandibularis, subsp. n.,

32.

Proconis ahroatoloides, 128.

Proteles cristalus : sti'ucture (Fig. 28),

235.

Protozoa :

Parasites in the Society's Gardens,

84 : Flagellata, Ehizopoda : cy-

tology, structure, systematic, 309.

Prowazekia {Bodd) saltans : structure,

development, (PI. I.), 311.

Pseudosterrha gayneri, 156.

pMlcBaria, 156.

P'teropus hypomelanus condorensis, 38.

medius : structure, 230.

• vampyrus onalaccensis, 39.

Ptychopoda sp., 155.

aperta, sp. n. (PI. II. fig. 16),

155.

nigrosticfa, 155.

subtorrida, sp. n. (PI. II. fig. 17),

1.54.

Pyrausta conistrotalis, sp. n.

(PL II. fig. 48), 176.

irtcolaralis, 176.

sthenialis, sp. n. (PI. II. fig. 47),

176.

Rabila albiviridis, sp. n. (PI. I.

fig. 13), 109.

Eana temporaria : variation (Fig. 1),

87.

Batufa melanopepla, 43.

leucogenys, subsp. n., 43.

sinus, subsp. n., 44.

Rhamphoccelus icteronotus (z. s. l.),

297."

Khinopoma macrophyllum : structure

(Fig. 24), 229.

Rhodoneura hamatipex, sp. n.

(PI. II. fig. 37), 168.

Bhopaloceras stylifer : structure (Figs.

23, 24), 292.

Rhynchina albiscripta, sp. n.

(PI II. fig. 8), 137.

endoleuca, sp. n. (PI. II. fig. 6),

137.

perangulata, sp. n. (PI. II.

fig. 7), 136.

revoliitalis, 137.

Bothia aisha, 103.

Bucervus schomlntrgki, 62.

Busa perouii, 62.
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Sameodes ocellata, sp. n. (PL 11.

fig. 44), 174.

Sarmaiia interitaUs, 13(5.

Sccliodcs laisalis, 176.

Sciurus albivexilli, ep. n. 47.

hicolor, 4o.

ciiiiMnioinen», 45.

ferriigiveus, 45.

cinnamomeus, 45.

frandseni, sabsp, n., 46.

finlayiioni, 45.

Javensis, 43.

macclellandi rodulpM, 48.

inoi(hoiii, 48.

pi/rrhovc'jyhakis, AS.

rodol-pM, 47.

spkndeiia, 45.

Scotinochroa minor, sp. n. (PI. II.

fisr. 34), 168.

Scoiosia natcdafa, 156.

ruhritincta, 156.

Scrancia discomma, sp. u. (PI. II.

fig. 10), 141.

Secusio scmaliensis, sp. n. (PI. I.

fig. 2), 102.

strigaia, 103.

Sclagena atridiscaia, 164.

eustrigata, sp. n. (PI. 11.

fig. 27), 164.

Semlufl/im hutaria, 160.

ohliquilineata , 159.

Semnopiihccus germaini, 32.

Senamiaconioia, lii9.

Sesquialtera, geu. n
, 162.

ridicula, sp. n. (PI. II. fig. 11),

163.

Siccia sordida, 102.

Simplicia ca-palis, 136.

Siphonops anmilatus (z. s. L.), 447,

448.

Sminthopsis crassicaudata : structure,

191.

lai'apinta: structure, 191.

Sjihmgmnorjjka chlorea, 133.

Sphinx celerio, 140.

convolvuli, 140.

Spironema multkdliatum : structure

(PI. III. figs. 46-48), 318.

Staudifigeria suh-ohlildla, 170.

Sleg.niia indularia, 156.

aecuiaria, 157.

Stenocypris malcolmsoni, 339.

Stenostaura impeditus, 141.

Stenosiicta grisea, 124.

Sierrha philcEaria, 156.

Strandesia {C>/pris) vitiala, 3.'59.

Strix delicatula (z s. c), 4-18.

Stroiigc/lucntcii conicep.>, 286.

Stuuctu II k.

Mammalia: Intestinal tract, 183;

Mungotidi\3 (external characters;,

349 ; ViTerrida3, Hyaniclaj (ali-

splienoid canal), 442.

Plsces: Pliallostethinix;, 1; Ti'vgon

pastinaca (poison -oi-ganj, 431;

Teleostei, 448.

Inskcta : Lepidoptera (analysis of

patterns), 383 ; Anoplura, Mallo-

pliaga, 253.

Protozoa ; Flagellata, Rliizojioda,

309.

Suraitha invectellus, 169.

sciiulellus, 169.

Suricata suricatta, structure (Figs. 3, 4,

8-10), 319.

Sus cristaius, 64.

subsp., 64.

Sglcpta sahimiscdis, 174.

Talpa europtea : structure (Fig. 23),

226.

Tamandua tetradactyla : structure,

201.

Tamiops novemlineaiiis, 48.

rodolphi, 47.

Tarache carnescens, 123.

hor(ens.is. 123.

mesoleuca, sp. n. (PI. I. fig. 38),

123.

miogona, sp. n. (PI. I. fig. 39),

123.

opcdinoides, 123.

umhrigera, 123.

zelleri, 123.

Tathorhynchtis exdccata, 1 35.

Tegostoma biparialis, 177.

comparalis, 111.

Proc. Zool. Soc—1916, No. XXXI. 31
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(PI. II.

1. : struc-

II., III.

Tcgustoma subditalis, 111.

Tegulifera nigriclnctalis, 171.

zonalis, 171.

Tephrias trigonosema, sp

(PI. II. fig. 2), 134.

Tephrina butaria, 160.

cinerascens, 160.

deerraria, 161.

disputaria, 160.

inconspiicua, 160.

netia, 160.

prionogyna, sp. n

fig. 13), 161.

si!,hctirvaria, 157.

TerciGotona submaoida, 102.

Tetramitus spiralis, sp

ture, development (Pis.

figs. 42-45 ; Fig. 1), 314.

Thalatha melanostrota, sp, n.

(PI. I. fig. 4), 104.

Thj-lacinus cynocephalus : structure

(Fig. 5), 191.

Tilapia nilotica athiensis, var. n.,

345.

Timandra neptmiaria, 148.

vifidaria, 148.

Toana nigrilineata, sp. n. (PL I.

fig, 22), 114.

Tragulus affinis, 63.

-javanicus, 63.

kanchil. 63.

affinis, 63.

pierrei, 63.

Traminda neptunaria, 148.

riijistrigatn, 148.

Tricentroscelis protrusifrons,

gen. et sp. n. (PI, II. fig. 21), 147.

Triohlura obsoleta, 166.

Trichodecies .sp., 283.

breviceps, 271.

cornut'iis, 273.

crassus, 272.

Trichodeptes harrisoni, sp. n.

:

structure (Figs. 13-16), 276.

hemitragi, sp. u. : structure

(Figs. 11, 12), 273.

latus: structure (Fig. 10), 271.

ovis, 283.

parumpilosus, 271.

Trigonomelca semifusca, 163.

Trj'gon pastinaca : structure (poison-

organ) (Figs. 1-7), 431.

Tuerta irimeni, 103.

Tupaia belaiigeri, 36.

concotor, 36,

sinus, subsp. n., 36.

frenata, 37.

Tgndis protecmcdis, 171.

Ulothrichopus tinciipiennis, 125.

Ufiitheisa pulchella, 102.

Variation.

Majimalia : Lepus sp. (black var.),

441.

AvES : Gallus bankiva, 446.

Batraciiia : Eana temporaria, 87.

Pisces : Tilapia nilotica (anal spines),

345.

Victoria sematoperas, sp. n.

(PI. II. fig. 26), 142.

Viverra Jiermaphrodita, 33.

Viverricula : structure (Fig. 1), 442.

Zamarada pulverosa, 157.

secutaria, 1.57.

Zinchenia fascialis, 174.

i Zitha subnqjralis, 171.

! Zygophyxia tornisecta, sp. n.,

153.

printed by TAYLOR AND FRANCIS, RET) LION COURT, FLEET STREET.
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1. Introduction.

In 1913 I described an extraordinary little Oyprinodont fish

from Johore, and named it Fhallostethus dunckeri (Regan, 11).

Some more fishes from the same locality have been sent to me

* For explanation of the Plates see p. 25.

Proc. Zool. Soc.—1916, No. I. 1
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for description ; they represent a new genus, Neostethus, related

to Phallostethus, and belong to two new species, N. lankesteri

and iV. hicornis.

Of Neostethus lankesteri there are six specimens, all about

30 mm. in total length ; five are adult males and the other is an

adult female. They come from the Muar River (brackish-water)

and from Singapore. Some features in their structure, such as

the number of vertebrae and the general I'elations of the viscera,

have been elucidated by prolonged clearing with oil of cloves, but

the detailed account of the structure of the male fish is based on

the study of a series of transverse sections. Of JV. bicornis there

are three examples, two males (21 and 25 mm. long)—one imma-
ture, the other nearly adult—and a female of 24 mm. ; these are

from Kuala Langat (brackish -water),

Phallostethus is redescribed and is compared with Neostethus.

2. Structure of Female Neostethus lankesteri *, gen. et sp. n.

a. External Characters.

Form elongate, strongly compressed. Head rather small

;

mouth terminal, strongly oblique, protractile, with one or two
series of conical teeth in the jaws ; eyes large, lateral. Scales

very similar in structure to those of Panchax ; 34 to 36 in a

longitudinal series. Dorsal fin of 5 or 6 rays, above the end of

the rather long anal, which has 15 or 16 rays; caudal emar-
ginate

;
pectorals 10 or 11-rayed, placed rather high. Anus

{text-fig. 12, B, a.), genital aperture, and urinary opening behind

each other in middle line below bases of pectoral fins ; behind
-them abdomen compressed to an edge bearing a rayless fringe

(text-fig. 12, B, y'.); just behind anus a pair of papillae (text-

fig. 12, B, ^j.) (? vestigial pelvic fins t), one much larger than the

other, that partly cover a depression into which the oviduct and
ureter open.

h. Skeleton.

The skeleton is typically Cyprinodont and essentially similar

to that of Panchax, except that the haemal arches of the caudal

vertebrae are not expanded, as the air-bladder does not extend
back into the tail. The vertebrae number 34 or 35 (15-16-f 19).

c. Viscera.

The air-bladder occupies the posterior part of the abdominal
cavity ; it is large, simple, and thin-walled, except an anterior

* I have ventured to name this species in honour of Sir Ray Lankester, K.C.B.,
F.R.S., to whom I am indebted for many acts of kindness and much sound advice.

Moreover, it seems to me not inappropriate that this little fish, whose structure
presents more than one problem for the consideration of students of animal mor-
phology, should bear the name of the most distinguished morphologist of our time.

t In PJiaUosteMus the postanal papillaj are supported b)" a pair of minute
skeletal elements that may be vestigial pelvic bones.
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part, tapering forwards, that has thick glandular walls. There
is no trace of a pneumatic diict.

The short oesophagus leads into the stomach, which is simple,

without csecum or pyloric appendages ; the intestine forms a
single coil just in front of the air-bladder, and then runs down-
wards and forwards to the anus. The liver is large, and there
is a well-developed spleen situated on the anterior part of the
intestinal coil.

The kidneys extend from below the basioccipital to the posterior

end of the abdominal cavity ; they are paired, but not enlarged,

anteriorly, unpaii-ed posteriorly ; the ureters leave the kidneys

Text-figure 1.

JSfeostethus lankesteri, ? . Part of head and abdominal region cleared and viewed

as a transparent object (X 10). The ovary is clearly visible, lying in front of

the air-bladder and below the alimentarj^ canal.

Ji., heart ; a., anus
; p., postanal papilke ; o., opening of the oviduct ; u., opening of

ureter.

above the anterior part of the air-bladder and soon unite to

form a single duct that runs downwards and forwards below
the intestine. The ovary is unpaired and lies in front of the

air-bladder and below the intestine ; it narrows forwards, and
the very short oviduct arises from its anterior end. The ova are

comparatively few and large.

Except for modifications correlated with the thoracic jDosition

of the anus and urino-genital apertiu-es, e. g. that the air-bladder

is posterior instead of superior, the intestine runs forwards instead

of backwards, etc., the visceral anatomy is essentially similar to

that of the Fundulinse.
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3. Structure of Male JSTbostethus lankesteri.

a. External Characters.

The male differs from the female externally in the presence of

the priapium (text-fig. 2), a fleshy appendage that lies below the

Text-figure 2.

ctm.
^'

sp. P-

Keostetlivs lankesteri, S Head and priapium (X 10). A, proctal side;

B, aproctal side.

ct., ctenactinium ; ctm., ctenactinial muscle; a., anus; r., end of priapial rib ,-

v.d., terminal coil of vas deferens; pv., pulvinulus

;

pva., pulvinular ap-

pendage ; s., pulvinular spine
; g., glandular groove

;

ef., efferent groove ;:

sp., seminal papilla; p., infrasulcar prominence.

head and the anterior part of the body, to which it is attached
for the greater part of its length, only the posterior end being
free. Anteriorly the priapium is confiuent with the isthmus ;
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further back it increases in size and is well-defined ; owing to a

strong constriction of ttie body just behind its attachment, the

posterior part of the priapium projects but little beyond the

general outline of the abdominal region.

On one side, the proctal side, which may be either right or

left, may be seen the anus (a.) ; above and behind it can be seen

the outline of the enlarged terminal coil of the vas deferens (v.d.),

occupying most of the free posterior part of the priapium, which
ends in a membranous fringe, produced into some half-dozen

slender processes. On the proctal side a shallow groove marks
the boundary between the priapium and the body of the fish, but

-on the ether side, the aproctal side, there is a much deeper groove,

margined above by a thick fold of the integument ; this gi'oove is

lined by a glandular epidermis, and may be termed the glandular

groove (g.). Posteriorly a dermal fold arises from the inner wall

of the groove, and this fold is continued backwards on the fi'ee

part of the priapium as the roof of another groove, leading from
the glandular groove to the end of the priapium ; this may be

termed the efferent groove (ef.).

The enlai'ged part of the vas deferens lies below the floor of the

efferent groove ; here it is running backwards, and at the end of

the priapium it curves round from the proctal to the aproctal side

and then runs upwards and forwards, ending in a seminal papilla

(sp.), which opens into the glandular groove, the terminal aper-

ture being a wide slit. Directly in front of the seminal papilla

is a papilliform projection {2J-), which may be termed the infra-

sulcar prominence. Below the infrasulcar prominence is the

articulation of the ctenactinium (ct.), a long and slender movable
bony appendage that curves backwards and upwards, then for-

wards to below the eye, and, finally, downwards and across beneath

the chin ; a short pointed process, directed outwards and down-
wards, arises from its concave edge above the infrasulcar

prominence.

Further forwards, a rather soft appendage, subconical in form
and with its apex directed backwards, lies in the glandular groove

;

at its base it is separated by a deep constriction from a lateral

mass of tissue that tapers forwards to the anterior end of the pri-

apium. This mass of tissue may be termed the pulvinulus (pv.)

and its appendage the pulvinular appendage (jyva.); a small

antrorse spine (s.) projects from the posterior part of the pul-

vinulus, and a branch of the glandular groove runs forwards

between the priapium proper and the lower part of the pul-

vinulus ; this infrapulvinular groove narrows forwards and
disappears a little in advance of the level of the pulvinular

spine.

b. Skeleton (PI. T. B, and text-fig. 3).

This differs from that of the female in that one of the cleithi-a,

the third vertebra, and the first pair of ribs are modified in
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connection with the priapium, whilst the priapiiun itself has a

special skeleton.

Cleithra.—The cleithrum of the proctal side is normal and ends
anteriorly below the angle of the prseopei'culnm. That of the
aproctal side is produced into a slender process (cl.) that extends

forward to below the attachment of the urohyal ; this process lies

between the isthmus and the priapium ; it is somewhat expanded
transversely (PL I. A), and anteriorly it sjareads downwards on
each side of the priapium, almost enclosing it.

Text-fiofure 3.

Neostetlius lanJcesten Skeleton of priapium from the aproctal side (X 12)

(diagrammatic).

eta . ctenactiniiun ; u., uroliyal ; cL, cleithrum ; tr., tr.', transverse processes of

third vertebra; c, cartilage; 7:, r'., first pair of ribs; ac, antepleural carti-

lage; pva., pulvinular appendage; jjvs., pulvinular spine; pv., outer, and

pv.' , inner pulvinular bones ; is., anterior, and is.', posterior infrasulcav bones

;

p., papillary bone ; a.r., vertical, and a.r.', horizontal anterior ridges of axial

bone : Ir,, its lateral ridge ; or., its main crest ; and st., its terminal style.

Third vertebra.—The transverse process of the aproctal side {tr'
.)

is normal, but that of the proctal side {tr.) is much stronger;
pi oximally it is directed outwards at right angles to the centrum,
then it i-uns forwards below the transverse process of the second
vertebra (text-fig. 4B), until it reaches the level of the first

vertebra, when it curves downwards and ends.

First pair of ribs.—These are attached proximally to the
transverse processes of the third vertebra ; the rib of the aproctal
side (r.') is not particularly strong, but it is ver}^ long and runs
downwards and forwards into the priapium ; the rib of the
proctal side (r.) is much stouter and runs downwards right to
the ventral surface of the priapium below the anus (text-

fig. 2, r.); proximally a nodule of cartilnge (c.) intervenes
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between tlie end of the rib and the postei'ior face of the de-

curved part of the transverse process. A mass of cartilage, the

anteplenral cartilage (ci]).), lies in front of the distal ends of this

pair of ribs and embraces them laterally ; this mass is to a large

extent comjDosed of parenchymatous cartilage, but in the centre

approaches true hj^aline cartilage in structure (cf. text-fig. 4, B).

Axial bone of the priapium.—This extends nearly the whole
length of the priapium ; in fi'ont of the articulation of the cten-

actinium it has the form of a rod of cartilage enclosed in a cylinder

of bone (PL III. A, a.) that bears certain crests and ridges, nainely,

(1) the anterior I'idges, the upper (ar.) vertical, the lower (ar.')

Text-fiofure 4.

-—apm.
--IS.

'

Neostethus lankesten, $ . Transverse sections ( X 18) : A, tlirough postorbital

part of head and base of pulvinular appendage ; B, through second vertebra and

anteplenral cartilage.

ao., aorta
; g., glandular groove ; pva., pulvinular appendage ; a., axial bone ;

w., infrasulcar bone; ctm., ctenactinial muscle; pm., muscle of proctal side;

apm., muscles of aproctal side
;
ppm., pleuro-priapial muscle ; ac, antepleural

cartilage ; r., priapial rib ; re, cartilage ; tr., transverse process of third

vertebra ; k., kidney ; ce., oesophagus ; so., sinus venosus.

nearly horizontal and aproctal ; these increase in height back-
wards and end abruptly at the level of the pulvinular spine.

(2) The main crest {cr.) : this rises obliquely from the proctal

side of the axial bone and then curves upwards until it is

vertical (text-fig. 4 A, a.) ; it commences a little behind the end
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of the anterior ridges and ends in front of the priapial r-ibs.

(3) The lateral ridge (Ir.), on the aproctal side from the level

of the end of the pulvinular appendage to the level of the priapial

ribs ; this ridge almost reaches the surface at the lower margin

of the glandular groove. The axial bone passes backwards on the

aproctal side of the priapial ribs and anteplem^al cartilage, and in

the region of the anus it becomes stouter and expands down-
wards ; the ctenactinium (eta.) is attached to the aproctal side

of this part of the axial bone. In the region of the seminal

papilla the axial bone extends upwards nearly to the glandular

groove, and behind this it contracts to form a terminal style [st.)

that runs backwards and ends just in front of the transverse

portion of the terminal coil of the vas deferens.

Anterior infrasulcar bone {is.).—This is a laminar bone that

lies near the surface on the aproctal side. It is broad posteriorly

and tapers anteriorly ; behind it extends from the floor of the

glandular groove under the base of the infrasulcar papilla to out-

side the proximal end of the ctenactinium ; for the greater part

of its length its upper edge is just below the edge of the lateral

ridge of the axial bone ; anteriorly it lies within the inner surface

of the infrapulvinular groove (PI. II. B, is.) and is quite a slender

bone. IsTear its posterior end, where its lower edge overlaps the

end of the ctenactinium, it bears an inner knob to share with the

axial bone in supporting that appendage.

Posterior infrasulcar bone {is.').—A bone whose expanded
upper surface lies just below the floor of the glandular groove,

below the anterior part of the seminal papilla ; it is a solid bone
that extends downwards and inwards on the api-octal side of the
axial bone : from its upper surface it sends forwards a laminar
process that runs below the anterior infrasulcar bone into the
base of the infrasulcar prominence.

Papillary bone (p.).—A bone that supports the seminal papilla,

which it enters from behind and below, and then divides into

three branches that expand into laminae lying just below the
skin, one on the inner side of the papilla and two, an upper and
a lower, on its outer side. Before entering the papilla the bone
is a slender rod that curves downwards across nearly to the
ctenactinium and then tapers forwards and inwai^ls, ending a
little in advance of the seminal papilla on the aproctal side of the
axial bone {cf. PI. II. A, and text-fig. 7 A, p.).

The pulvinular appendage (pva.) is subconical, somewhat com-
pressed ; it is a mass of parenchymatous cartilage, but has the
structure of true hyaline cartilage on the inner side near the
base; in this region it is hollowed out for the reception of a
cartilaginous peg that arises from a bone in front of it (PI. II. B),

The pulvinulus consists of fibrous connective tissue sur-

rounding two longitudinal bones, the inner and outer pulvinular
bones.

The inner pulvinular bone (pv.') is largest posteriorly, wheie
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it bears a backwardly directed process for the support of the
pulvinular appendage; it tapers anteriorly and ends below the
axial bone at about the middle of the length of the anterior
ridges. This bone is rounded or oval in cross-section, posteriorly
deeper than long : it has a cartilaginous core.

Text-figure 5.

Neostetliuslanlcesteri, $. Transverse sections cutting the infrasulcar prominence,

A, near its anterior end, and B, at its posterior edge, also just cutting the

seminal papilla (X 18).

^., kidney; ?., liver ; sv., sinus venosus ; oe., oesophagus; i., intestine; m., ureter;

v.d., vas deferens; pm., muscle of proctal side; apm., inner muscle of aproctal

side; s., seminal papilla; ijp., infrasulcar prominence; is., infrasulcar bone;

a., axial bone; ct., ctenactinium.

The outer pulvinular hone ipv.) is rather similar to the inner

in form and structure (PI. III. A, j!?6.) ;
posteriorly it bears the

pointed antrorse process which appears externally as .the pulvi-

nular spine ; it rims forwards outside the inner bone, but in front

of the end of the latter becomes median and ventral, and extends

forwards in front of the end of the axial bone to the extreme
anterior end of the priapium.
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c. YiscERA (text-fig. 6).

Air-blarldev («.), alimentary canal, kidneys (^.), etc., as in the
female, except that the intestine (i.) and ui'eter (u.) end in

the pviapium.

The intestine (J.) enters the priapinm near the posterior end
'of its junction with the body (text-fig. 5), a,nd runs downwards,
somewhat forwards, and across to the proctal side, ending at the
anus.

The ureter (m.) enters the priapium just below and behind the

intestine (text-fig. 5 B) and runs downwards into the middle of

the priapium and across until it meets the enlarged part of the
vas deferens, here running backwards on the proctal side ; the

ureter now runs upwards and backwards and towards the proctal

side, always in contact with the vas deferens, and ends by opening
into the efferent groove, not far from the proximal end of the

latter (text-fig. 7 A).

Text-figure 6.

Visceral uiuitoiny of Neostethus lankesteri, S (X 8). From the proctal side;

the liver, etc., removed.

oe., OBSOphagus; «., stomach; L, intestine; k., kidney; «., ureter; t., testis;

vd., vas deferens ; a,, air-bladder.

The testis (i.) is unpaired (text-fig. 8 A) and coiresponds to the
ovary in form and position ; the vas deferens (v.cZ.) arises from the
middle of the upper surface of the testis and runs forwards, at
first at the side of the intestine and then partly above it ; it

curves downwards to enter the priapium just behind and on the
aproctal side of the intestine, and runs downwards and a little

backwards until it reaches the terminal style of the axial bone
;

the vas deferens runs across to the proctal side below this bone
and then expands to form the large terminal coil that runs back-
wards, then across, and then upwards and forwards, ending in
the seminal papilla.
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The vas deferens has a thin wall, comprising an outer fibrous

layer and an inner layer of mucus-secreting cells ; within the

testis the tubules that unite to form the vas deferens have a similar

structure (PI. IV. C). The epidermis of the glandular groove also

secretes mucus, and in the neighbourhood of the seminal papilla

and on the papilla itself the area of secreting-cells is increased

by folding.

Text-fie"ure 7.

Neostethus lankesteri, $. Transverse sections (X 18) : A, passing through the

posterior part of the seminal papilla, and B, through the priapium near^its

posterior end.

Ic., kidney; I., liver; s., stomach ; i., intestine; v.d., vas deferens ; u., ureter;

a., axial bone; p., papillarj' bone; ct., ctenactinium, e., efferent groove.

The tubules of the testis, the vas deferens, and the glandular
groove in the neighbourhood of the seminal papilla hold a mucus
secretion, in which appear numerous spermatophores ; these are
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subsplierical, with the heads of the spermatozoa at the periphery

and their tails curled round inside (text-fig. 9).

Text-figure 8.

Neostethus lanJcesteri, J. Transverse sections (X 18) : A, passing through testis ;

B, through air-bladder.

A%, kidiie}' ; ?., liver; J., intestine; i., testis; y.c?., vas deferens

;

a., air-bladder ; r., rib.

Similar spermatophores have been described in the Poeciliinpe

by Philippi (Philippi, 6 J, but I have not been able to detect

tilem in other Cyprinodonts.

d. Muscles (text-fig. 10).

Pleuro-priapial muscle (pi).).—It has been mentioned that the
first pair of ribs enter the priapium, and that the rib of the proctal

side is much enlarged and is attached proximally to the enlarged
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Text-figure 9.

• *;,mj,t* ^^>i.«>^^<^^'

Spermatopliores of NeostetJms lankesteri (X 750).

and forwardly directed transverse process {tr.) of the third ver-

tebra. To this process is attached also the proximal end of a

muscle that runs downwards into the pi"iapium on the inner side

Text-figure 10.

Neostethus lankesteri. Muscles of priapium, from the aproctal side (X 20).

tr., transverse process of third vertebra ; ct., base of ctenactiiiium yiax., axial bone;

'pp., pleuro-priapial muscle ; p., longitudinal muscle of proctal side'; ap., outer,

and ap.', inner longitudinal muscles of aproctal side ; ctm., ctenactinial muscle.



14 MR. C. TATE REGAN ON THE

of the rib, and then backwards on the proctal side of the axial

bone, ending in a nodule of bone that lies near the axial bone at

the level of the articulation of the ctenactinium.

Longitudinal muscles of the priapium.—These are four in

number and each^ is more or less fusiform in shape. In front

of the priapial ribs these muscles, with the intermuscular connec-

tive tissue and the axial bone, constitute the whole body of the

priapium (excluding the pulvinulus) (text-fig. 4 A).

Ctenactinial muscle.—This is the largest of the longitudinal

priapial muscles ; it originates at the posterior end of the upper
anterior ridge of the axial bone and is inserted on the proximal

end of the ctenactinium. For most of its length its inner surface

lies against the whole proctal face of the main crest and the lower

face of the lateral ridge of the axial bone.

Outer muscle of the aproctal side.—This originates at the

anterior extremity of the axial bone and runs back on the

aproctal side between the anterior ridges of that bone, and then
on the aproctal side of the main crest until the inner muscle
intervenes ; it ends posteriorly at the level of the anus in the

connective tissue that lies between the floor of the glandular

groove and the lateral ridge of the axial bone.

Inner muscle of the aproctal side.—Anteriorly this is inserted

between the outer muscle and the main crest of the axial bone

;

it runs back in contact with the cvest and above the lateral ridge,

and then on the aproctal side of the priapial ribs, pleuro-priapial

muscle, and intestine ; it is attached posteriorly to the lower and
proctal surface of the terminal style of the axial bone just above
the vas deferens, which is here crossing to the proctal side below
the axial bone.

Muscle of the proctal side.—This originates on tlie anterior

end of the upper edge of the main crest of the axial bone, and
runs backwards at first above and then at the proctal side of the
ctenactinial muscle ; it lies on the proctal side of the priapial ribs

and intestine and behind them at the side of the inner aproctal

muscle ; it ends in the connective tissue that lies above the ter-

minal style of the axial bone and between the descending portion

and the enlarged terminal part of the vas deferens.

4. Neostethus bicornis, sp. n. (text-fig. 11).

This species is more slender than A^. lankesteri and has 36 ver-

tebrae (16-17-1-19-20) instead of 34 or 35. There are 13 to

15 anal rays, and 35 to 37 scales in a longitudinal series.

A male of 25 mm. is not fully adult, but its priapium (text-

fig. 11, B) difiers from that of ]^. lankesteri in three important
characters: (1) there are two ctenactinia (c^.), both on the
aproctal side

; (2) the efferent groove (ef.) extends downwaixls
to the ventral surface of the posterior end of the pi-iapium ; and
(3) the seminal papilla [p.) opens into the effei-ent, not the
.glandular groove. The ctenactinia have not attained their full
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•development and are cartilaginous and enclosed in skin ; their

final shape is uncertain ; the testis (t.) is fairly large.

A male of 21 mm. (text-fig. 11, A) has the priapium but little

developed and without trace of ctenactinia, but showing a difi'er-

entiation into an anterior muscidar and a posterior visceral

portion ; in this fish the testis is quite small.

Text-ficjure 11.

Neostetlms hicornis : immature males ; head and priapium from aproctal side (XlO).

Total length of fish : A, 21 mm. ; B, 25 mm. The testis (t.) is shown separatelj'.

pv., pulvinulus; pva., pulvinular appendage ; ct., ctenactinia; p., seminal papilla;

ef., efferent groove.

A female of 24 mm. is very similar to the female iY. lankesteri,

except for the more slender form ; the postanal depression is less

developed than in iY. lankesteri, probably because the specimen is

not fully adult.

The male examples are of interest as indicating that the pri-

apium develops only as maturity approaches
;
presumably males,

only a little smaller than the smaller one, would be almost indis-

tinguishable from immature females.
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5. Structure of Female Phallostethus dunckeri *

(text-fig. 12, A).

Total length 29 mm. The mouth is less oblique than in

N'eostethus, and the body is less compressed ; the abdominal

profile is not convex, but nearly straight, the rayless fringe (/.)

Text-figure 12.

A, Phallostethus dunckeri, $ . B, N'eostethus lanlcesteri, $ .

Head and abdomen from below (X 8).

a., anus ; p., postanal papiUa3 (in Neostethus covering the depression into which
oviduct and ureter open) ; o., opening of oviduct ; u., opening of ureter

;

y., dermal fold.

lies in a groove instead of at the edge of the abdomen, and the
genital opening (o.) does not lie in a depression ; the postanal

papillae (p.) are minute. The dorsal fin has more rays (8 to 10)

* I have already given some account of the structure of Phallostethus duncTceri
(Regan, 11) ; the sections of the male fish are too thick and somewhat overstained,

but with the much better sections of Neostethus lanlcesteri at hand for comparison
I have been able to make out certain details that were difficult to see without this

help. So far as I can see, the most important error in my former description was
that the priapial ribs, displaced forward and separated from the vertebral cplumn,
were interpreted as elements of the pectoral arch and the antepleural bone, which
embraces their ends, was not recognized as a separate bone distinct from them.
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than in N'eostethus, and the anal fin is much longer, having

26 to 28 rays. Correlated with this is the shorter abdominal

region, the smaller number of prjecaudal vertebrae (11 or 12), and
the larger number of caudal vertebrae (26 or 27) {of. PI. I. A).

The visceral anatomy is as in N'eostethus.

6. Structure of Mais Phallostethus dunckeri.

In addition to the diffei'ences from N'eostethus described above

for t[ie female, the male Phallostethus has many distinctive

features.

a. ExTERN-Aii Characters.

Total length 25 mm. The priapium (text-iig. 13) is much
more prominent than in Neostethus ; the grooves between it and

Text- figure 1.3.

Phallostethus dunckeri, J . Head and priapiura from the proctal and

aproctal sides (X 10).

tx., toxactinium; ct., ctenactinium; jjy., pulvinulus; a., anus; u., opening of

ureter ; v.d., terminal coil of vas deferens.

the body of the fish are not glandular and are of equal size ; they

increase in depth posteriorly and meet behind the priapium to

Proc. Zool. See—1916, No. II. 2
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form a median groove, wliicli extends to the anal fin, decreasing

in size backwards (text-fig. 15 B) ; there is no efterent groove.

The urinary opening (u.) is immediately behind the anus (a.).

The genital opening is ventral and posterior, behind the

articulation of the ctenactinium (ct.).

The ctenactinium is short and nearly straight, with denticu-

lated upper edge ; its articulation is ventral, and it lies on the

aproctal side of the priapium.

Anteriorly the attachment of the priapium to the isthmus ends

at the level of the posterior edge of the eye ; in front of this is a

free terminal portion that ends in a second movable bony ap-

pendage, toxactinium (t.v.); this is rounded in cross-section, tapers

forwards, and curves towards the aproctal side, ending below the

extremity of the lower jaw.

The pulvinulus (pv.) appears to be represented by a rounded

shield, with thick edges, that covers the basal part of the tox-

actinium below and on the aproctal side.

b. Skeleton (PI. I. A).

Third vertebra and first pair of ribs.—The transverse processes

of the third vertebra are normal and symmetrica], but bear no
ribs. The first pair of ribs are nearly symmetrical, but they are

not articulated with the vertebral column
;
proximally they end

at the level of the second vertebra, but at some distance from it

on each side ; the proximal part of the rib of the proctal side

curves forwards to give attachment to the pleuro-priapial muscle.

These ribs run downwards and forwards, meet belo^v the peri-

cardium, and enter the priapium, where they run downwards and
towards the proctal side in front of the intestine.

Cleithra.—Both cleithra are prolonged forwards and enter the

priapium, ending between the pulvinulus and the basal part of

the toxactinium (PL III. B, cl., cl.').

Priapial skeleton.—The axial bone (text-fig. 15, a.) is com-
paratively simple ; the toxactinium articulates with its anterior

end superiorly and proctally (PI. III. B, tx., a.), the ctenactinium
(text-fig. 15, ct.) with its posterior end inferiorly and aproctally.

The antepleural cartilage of Neostethus is represented by an
antepleural bone that embraces the distal ends of the priapial

ribs and runs forwards on the proctal side of the axial bone,

ending a short distance behind the base of the toxactinium.

The pulvinulus has no pulvinular appendage and no bones ; it is

a, ring of parenchymatous cartilage, but seems to have the structvu^e

of true hyaline cartilage in the middle (PI. III. B, pa.., pc).
There are no infrasulcar bones, but the terminal part of the

vas deferens appears to be sup^Dorted by a bony lamina, as in

JVeostethus.

c. Muscles.

The muscles correspond to those of Neostethus, except that

(1) the pleuro-priapial muscle is attached proximally to the
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proximal part of the first rib of the proctal side instead of to

the transverse process of the third vertebra : and (2) there is a

toxactinial muscle (text-fig. 15, txm.), that lies outside the longi-

tudinal muscle of the proctal side, ends posteriorly between the

coils of the vas deferens, and anteriorly is inserted on the base of

the toxactinium.

d. YiscERA (text-fig. 14).

A dijQference from Neostethus is that the ureter {u.) accompanies

the intestine (i.) and opens behind the anus ; of more importance

are differences in the testis and vas deferens (vd.). The testis

(PI. lY. A) has no tubules lined with a distinct epithelium, even
near the origin of the vas deferens, which leaves the testis {t.)

anteriorly and at once becomes coiled up into a mass that lies in

front of and to the right side of the testis ; this " epididymis " is

^simi]ar to the testis in form and is not much less than it in size

Text-fiofure 14.

Visceral anatomy of PhaUostetuus dunckeri, S ; the livev, etc., removed (X 10).

ce., oesophagus ; s., stomach ; ?'., intestine ; A;., kidney; m., ureter ; #., testis;

v.d., vas deferens; a., air-bladder.

(text-fig. 15, B); the vas deferens emerges from its narrowed
•anterior end, enters the priapium, and runs backwards on the

aproctal side to above the base of the ctenactinium, then across

to the proctal side before coiling round in a complete circle and
opening ventrally to the exteiior in a short seminal papilla behind

the base of the ctenactinium.

The vas deferens is lined with a glandular epithelium ; in the
" epididymis " this is formed of long columnar cells with basal

nuclei (PI. TV. B). The outer fibrous layer is quite thin, except

in the terminal coil, where it is thick. The lumen contains

spermatozoa, which seem to adhere together, their heads forming
more or less convex plates, whilst their tails are dependent from
the concave surfaces. However, this structure cannot be very
definitely made out from the sections, but it seems clear that

there are no spermatophores of the type described in Neostethus.
2*
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7. Remarks on the Structure of the Priaphtm.

Many of the peculinrities of the priapium of Phallostethios, as

compared with that of JVeostethus, seem connected witli the two

main differences, that the vas deferens opens directly to the

exterior instead of into a glandular groove and that a tox-

actinium is present. To the absence of a glandular groove may
be due the great length of the vas deferens, which coils to form an
" epididymis "

; the secretion supplied in Neostethus by the testis,

Text-fiqure 15.

t^m.-"\

prri:

m. d.

Fhallostethus dunclceri, $ . Transverse sections (X 18) : A, showing tlie intestine,

vas del'evens, and ureter entering the priapium, and also the ureter opening to the

exterior; B, showing the "epididymis" and the posterior thick-walled portion

of the vas deferens above the articulation of the ctenactinium.

Tc., kiduey; I., liver; s., stomach; i., intestine; u., ureter; v.d., vas deferens;.

«., axial bone; ct., ctenactinium; ppm., pleuro-priapial muscle; txm., tox-

actinial muscle; c^m., ctenactinial muscle; p«i., muscle of the proctal side;

apm., inner muslce of the aproctal side.

the vas deferens, and the glandular groove comes in Phallostethiis

from the vas defei-ens alone. The efferent groove, infrasulcar

bones, and pulvinvilar appendage of Neostethus are all directly

connected with the glandular groove, and it is not surprising that,

they are absent in Phallostethus.
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The approximate symmetiy of the priapial ribs and cleithi-a in

Phcdlostethas, as compared with their marked asymmetry in Neo-
stethus, is no doubt due to the symmetrical attachment of the

priapium in the former (text-tig. 15), and its asymmetrical

attachment, owing to the great development of the glandular

groove, in the latter (text-fig. 4).

With the presence of a toxactinium as a free appendage may
be correlated the freedom of the anterior part of the priapium in

Phallostethits, whereas in Neosteilius it is attached to the isthmus

right to the end. It seems probable that the toxactinium may
replace functionally the anterior part of the ctenactinium of

Neosteilius, and that the shortness of the ctenactinium of Phallo-

stethus may be connected with this.

In both genera the ureter enters the priapium and runs down-
wards and across to the proctal side behind the intestine ; in

PhuUostethus it opens to the exterior just behind the anus, but

an Xeostethus, owing to the shortness of the free posterior part of

the priapium and the great size of the terminal coil of the vas

deferens, it finds the latter in its way and has to surmount it

before reaching the surface at some distance from the anus.

In PhaUostethus, as compared with JSfeostethus, the great length

and coiling of the vas deferens, the separation of the first pair of

ribs from the vertebral column, and perhaps the presence of a

toxactinium, may be features of specialization ; in Neostethus the

development of the glandular gi^oove and the structures associated

with it may be similarly regarded.

When I first described PhaUostethus I sviggested that the axial

bone of the priapium might be pelvic and the ctenactinium and
toxactinium fin-rays. This interpretation seems much less likely

to be correct when the structure of JVeostethus is considered also.

The antepleural cartilage of Xeostethas has developed in PhaUo-
stethus into a long bone with a cartilaginous core ; conversely,

the presence in Xeostethus of pulvinular and infrasulcar bones,

absent from PhaUostethus, seems to show that the skeletal ele-

ments of the priapium develop when and where they are wanted,

and are not to be homologized with any other parts of the

skeleton. Moreover, the pulvinular appendage of Neostethus

seems to represent a stage of development intermediate between
a simple dermal papilla and movable bony appendages, such as

the ctenactinium and toxactinium, and suggests that these may
have originated as outgrowths whose skeleton changed from con-

nective tissue to cartilage and then to bone as they grew longer

and formed more definite proximal articulations with the axial

bone. Their development in Neostethus hicornis supports this

view.

In fact, the whole priapium seems to be an entirely new forma-

tion ; its appendages, bones, muscles, and glands are not to be

homologized with any structures found in the female fish or in

'Other Cyprinodonts.
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8, Use of the Friapium.

In oviparous Oypriuodonts [Fmidulus and Cyjjrinodon), New-
man (5) has observed tJie intercourse of the sexes ; the male and
female lie side by side and looking in the same direction, and the
male clasps his mate by folding his dorsal and anal fins across

her, whilst the paired fins also may interlock ; in this way the
eggs and sperm are extruded in such close proximity that fertili-

zation is assured.

It seems likely that in the Phallostethinfe also the male and
female take up a similar position, the female lying on the-

aproctal side of her mate.

In Phallostethus the toxactinium, which curves towards the
aproctal side, may grip her under the chin or even be held in

her mouth, whilst the serrated edge of the ctenactinium may
give it a firm hold on the pectoral region in front of and on the
far side of the genital orifice, in order that the seminal papilla

may be placed against or introduced into the latter.

In Neostethus in seems likely that during intercourse the female
may be held by the ctenactinium aci^oss the back of the head, the
anterior descending part lying on her distal side and the terminal
part that at rest curves across under the chin of the male now
curving towards him, perhaps under hers. The spinous process.

of the ctenactinium and the pialvinular spine would stick into

her on the side near the male. The posterior end of the priapium
may be held in the depression into which the oviduct opens, whilst
the tei-minal projecting part of the fold that roofs the efferent

groove and the membranous fringe below it may form a sort of

tube for insertion into the genital apertiu-e of the female.
The asymmetry of the postanal papilla? of the female may be

due to the side by side position presumablj^ adopted ; if so, it

may be supposed that a male with the right side aproctal would
pair with a female that had the smaller papilla on the left side,,

and vice vei'sd.

It is possible that no part of the priapium is actually intro-

duced into the oviduct, and that the spermatophores, first

discharged into the glandular groove and then ejected through
the efferent groove, may adhere to the surface of the postanal
papillae and of the depression into which the oviduct opens, and
that they may be introduced into the oviduct by the action of
the papillfe.

The infrasulcar prominence may prevent the flow of the
seminal fluid outwards or forwards at the place where it exerts
the greatest pressure, and the pulvinular appendage may possibly
help to drive the glandular secretion backwards.

In both Phallostethus and JS^eostethus the probable effect of the
contraction of the longitudinal muscles of the aproctal side and
of the pleuro-pria.pial muscle would be to move the posterior end
of the priapium aproctally ; an additional effect in Iieostethu»
would be to close the glandular groove.
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It is only by a study of the actual behaviour of these fishes

during the breeding-season that one can hope fully to understand

the purpose for which this elaborate apparatus has been evolved.

9. Comparison of the Priapmm ivith other Copulatory

Organs of Fishes.

In many bony fishes a papilla bearing the genital aperture

forms a simple but efficient intromittent organ ; in others the

anal fin is utilized, the vas deferens either opening at its base or

being prolonged on the fin, which may form a copulatory organ

of considerable complexity of structure, as in the viviparous

Cyprinodonts, Poeciliinse, Anablepinse, etc. TRegan, 10; Gar-

man, 1 ; Langer, 4).

In its asymmetry and in being either dextral or sinistral

the priapium agrees with the copulatory organ of Anablep>s

(Garman, 1).

In the Phallostethinse the remoteness of the genital opening

from the anal fin explains why the latter has not been involved,

but does not explain the exti-aordinary complexity of the pri-

apium, which parallels the mixojDterygia of the Selacliians in its

specialized skeletal and muscular system (Jungersen, 3).

In the mixopterygia new skeletal elements are developed, and
may either margin a groove or may become movably articulated

with the main axial piece ; one may project as an external spine,

in this case formed of calcified cartilage, not of bone. Another
parallel with the priapium is that the mixopterygia attain their

full development rapidly as the individual becomes sexually

mature.

In the Selachians the mixopterygium has a nearly uniform

structure in members of the same family, or even of the same
suborder (Huber, 2 ; Regan 7), and the differences between the

priapia of Phallostethus and Neostethus are as great as between

the mixopterygia of the subclasses Holocephali and Euselachii.

10. Rank and Position of the Phallostethince.

There can be little doubt but that Neostethus and Phallostethus

belong to the family Oyprinodontidae, and they seem to agree in

every way with the most generalized subfamily, the Fundulinse,

except for three features of specialization, namely, the anterior

position of the anus, the absence of pelvic fins, and the develop-

ment of a priapium in the male. This view as to their relation-

ship is best expressed by placing them in a distinct subfamily,

Phallostethinse, of the Oyprinodontidae, a family that already

includes both oviparous and viviparous fishes, the latter with
intromittent organs of three difterent types (Regan, 8).

Other examples of animals which i^etain the general structure

of the group to which they belong, whilst one particular organ or

system is profoundly modified or some new feature of importance
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is developed, can readily be found, although few cases are so

striking as the Phallostethinfe.

Among fishes, one may lecall the curious Cyprinid Gyrinochilus

(Regan, 9, p. 29), which has the form, fins, scales, etc., of Crosso-

chilus and Discognathus, to which it is certainly closely related,

yet it has the mouth, gills, and pharyngeals so modified in con-

nection with its peculiar methods of breathing and feeding that

some ichthyologists have regarded it as the type of a separate

family.

Because Neostethus and Phcdlostethus so obviously belong to the

large and varied family Cypi-inodontidie, one attaches but little

classificatory importance to the development of the priapium and
its evolution along two very distinct lines. But if these were the
only known Cyprinodonts they would certainly form a separate

order, and the differences in structure of the priapia would be
regarded not merely as generic, but as subordinal, and the much
longer anal fin, the abdominal groove, etc., of Phcdlostethus would
be held to support the view derived from the structure of the
priapia that it and Neostethus had diverged widely and through
a long period of time from their common ancestor.

"Were these the only living Teleosts manjj" zoologists would
regard them as a separate class, comprising two well-marked
orders, just as some have suggested that the Dipnoans should be
removed from the Pisces, mainly on account of the isolated

position of their living representatives, Cer«ioc/!^ts and the Lepido-
.sirenidae, and have given these ordinal rank with the names
Monopneumones and Dipneumones.
These somewhat fanciful considerations are put forward merely

to suggest that the rank given to a group depends on several

factors, and that the degree of diflferentiation is one of the least

of these.

1 1 . Note on the Origin and Homologies of Skeletal Elements.

The priapium appears to be an entirely new oi'gan, and it has
i\ highly developed skeleton, compi'ising a number of new ele-

ments that cannot be homologized with any pai'ts of the skeleton

of other fishes ; this suggests that the intermuscular connective-

tissvie may give rise to cartilaginous or bony elements whenever
and wherever the necessity may arise. This is, of course, not
new, but it is a point of view not always kept in mind by mor-
phologists, as could be illustrated by numerous examples, one of

which may be adduced.

In certain Selachians, and especially in the Hypotremata, there

is a median series of vertical cartilaginous plates above the verte-

bral column, and the question has been raised whether these
belong to the vertebral column or to the fin-skeleton. Thus
Goodrich (Lankester's ' Treatise of Zoology,' pt. ix. figs. 50, 52)
has figured them in Squalus and SqiuUina, and has described

them as either modified radials or neural spines. I have long-

thought it probable that they were neither, but autogenous
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structures developed in the intermuscular septum, and I feel

this opinion strengthened as the result of my work on the

Phallostethinae.
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p:xplanation of the plates.

Plate I.

Skeletons of Fhallostetlius dunckeri (A) and Neostethits lankesteri (B),

reconstructed ; A 6 and B 5 times the actual size.

Plate II.

Neostethus lankesteri.

A. Transverse section tlirougli anterior part of seminal papilla and adjacent portion

of glandular groove (X 130). e., glandular epidermis lining folds and
pockets on surface of papilla; p., papillary' bone; sp., mass of mucus con-

taining spermatophores, Ij'ing in the vas deferens, where this opens into the
glandular groove {g.) ; a., process of axial bone.

B. Transverse section through glandular groove and pulvinulus at base of pul-

vinular appendage (X 130j. g., glandular groove; i., infrapulvinular groove;
is., anterior infrasulcar bone

;
pvb., cartilaginous terminal process of inner

pulvinular bone, for articulation of pulvinular appendage {pva.).
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Plate III.

A. Neostethus lankesteri. Transverse section through isthmus and anterior part

of priapiuni (X 130) ; the right side is aproctal. w., urohyal ; cL, cleithrum

of aproctal side ; a., axial bone
;

ph., outer pulvinular bone
; g., glandular

epidermis ; m., outer muscle of aproctal side.

B. Fhallostethus dunckeri. Transverse section through isthmus and anterior part

of priapium, showing the toxactinium articulating with the axial hone

(X 130); the left side is aproctal. «., urohj'al ; a., axial bone; te., tox-

actinium ; cL, cl.', cleithra ;
^c, pulvinular cartilage ; pa., parenchj'matous

cartilage.

Plate IV.

A PJiallostetJius duncTceri. Transverse section through part of testis near origin

ofvas deferens (X 200).

B. Fhallostethus duncheri. Transverse section through " epididymis " (X 170).

C. Neostethus lankesteri. Transverse section through upper part of testis (X 170).
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2. On a Collection of Mammals from the Coast and Islands

of Soiith-East Siam. By C. BoDEN Kloss, F.Z.S.,

F.R.G.S. With an Account of the Fruit-Bais by

Dr. Knud Andersen, F.Z.S.
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(Plate I* and Text-figures 1, 2.)

llSDEX.

Geographical : Page

J)escviption of disti'icts visited 27

Systematic :

Presbytis germaini mandibularis, subsp. n 32
Faradoxurus minor kutensis, subsp. n 34
Martesflavigula indochinensis, subsp. u 35
Tupaia concolor sinus, subsp. ii 86
MaUifa melanojpepla leucogenys, subsp. n 43
-B. m. sinus, subsp. u 44
Sciurtisferrttgineusfrandseni, subsp. n 46
S. albive.villi, sp. n 47
3fenetes berdmorei umbrosus, subsp. u 49
31. b. rufesoens, subsp. n 50
JSpimysjerdoni marimis, Rvha^i. n 50
E. siiriferfinis, subsp. u 51
IS. s. changensis, SMhi]). \\ 52
E. s. kutensis, subsp. n 52
IS. s. pelagius, subsp. ii 53
K. s. connectens, subsp. ii 53
S. s. eclipsis, subsp. n 53
JS. s. tenebrostis, ^\\hs\). w 54
JS. rattus ra7igensis, suhsp. u 56
Ji^. r. klumensis, !iuhs\). u 56
JS. r. makensis, subsp. u 56
E. r. kraensis, anhsp. w 57
E. berdmorei magnus, subsp. n 57

Towards the end of 1914 I went on short leave to Siam with
three Dyak assistants, my object being zoological collecting

in the extreme south-east of the country, and having reached
Chantabun by steamer via Bangkok, I hired a small native

sailing-vessel (" rua pet ") and passed six weeks cruising and
camping on the coa.st and islands beyond (see PI. I.), getting in

altogether about thirty-three working days. The result was
a set of rather over 500 mammals, 300 birds, and 250 reptiles

and bati-achians.

Mammals were the principal object of the excursion, and I

chose this district of the mainland because very little investigation

of it had taken place, while the islands were quite untouched ;

for although Captain Stanley Flower appears to have been in

Chantabun in 1898 (P. Z. S. 1900), no other naturalist has
followed Monhot, whose collections wei'e i-eported on by Gray
and Glinther in the ' Proceedings' of 1859 and 1861.

In recent years Mr. T. H. Lyle has sent home specimens

* For explanation of the Plate see p. 66.



28 MR. C. BODEN KLOSS ON

from the better-known parts of Siam—the basin of the Menam
and its head-waters near Chiengmai and Nan {cf. Bonhote,

P. Z. S. 1900, 1901, 1902); and the ornithologist Count Nils

Gyldenstolpe, of the Royal Swedish Museum, has lately collected

mammals in much the same area and also in the province of

Korat (c/. Gyldenstolpe, Arkiv for Zoologi, Stockholm, 1914);

but still the remote south-east has remained unvisited, nor can

I find that its French possessors have carried out any investiga-

tions in the adjacent parts of Cambodia. So to the zoologist

the region between Cochin-China and the better-known districts

of Siam was largely a no-man's-land.

The mainland visited requires no description ; it is undulating

coastal country, covered with forest except round villages, and
with mountains in the distance. Lem Ngop * lies on the north

shore of Ivoh Chang f Strait, and Ok Yam (oi- Jam) is eastward

•of Koh Kut, just within French territory, as the present

boundary of Cambodia comes out on the coast half a mile to the

west of it (lat. 11° 40' N.). Klong Yai % and Klong Menao are

estuaries to the north of Ok Yam.
Of the islands, Koh Chang is about 15 miles long and 7 wide

;

it is very hilly, and its highest peak, one of a number, i-ises to

.2446 ft. The strait which separates it from the mainland

narrows in part to 3 miles, though, since much of the adjoining

province is an alluvial plain, the island was probably at one

time more isolated. It is the northernmost of the Chantabun
Ai-chipelago.

The two little islands of Mehsi (935 ft. high) lie close together,

two miles off the south-east end of Koh Cbang; they are called

on the chart (Admiralty 2721) " He du Pic" and " Le Chameau "

respectively. A little farther from the southern shore lie Koh
Klun (600 ft.) and Koh Kra (800 ft.).

Koh Kut, 15 miles S.S.E. of Koh Chang and about 18 miles

from the Siamese-Cambodian coast, is the southernmost of the

group ; it is some 1 3 miles long and 5 wide, elevated, with a

peak of 1171 ft. It is uninhabited, but swarms with ticks,

Avhich infest ever}^ animal upon it and made our week's residence

there a most uncomfortable experience.

Between the northern islands and Koh Kut, from east to

west, are Koh Mak and Koh Rang (800 ft.), the first the larger,

being about 4 miles long, but, except for one small hill, very low.

Three miles or so Avest of it is Koh Rang (Koh Loi of the chart),

the most seaward of the group, and, like the other smaller

islands, a little under two miles long. There are, further, a few
little islets which I did not visit.

Koh Chang and the Mehsi Islands are separated from the

mainland by depths of between 3 and 4 fathoms ; Kra, Klum,
and Mak rise from 6 to 7 fathoms of water ; Koh Kut stands in

9 to 10 fathoms, and Koh Rang is on the 12-fathom contour-

* Lem=Cape. f Koh= Island. % 1^1011^= River.
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line. All are covered with dense evergreen tropical forest, and
Koh Chang and Koh Mak alone are inhabited.

The only terrestrial mammals on the smaller islands are forms,

of Epimys surifer and E. rattus. Koh Mehsi, though nearer the
mainland, higher, and in shallower water, has a form of the
latter only.

Koh Chang and Koh Kut vary in the composition of their-

faunas, for while the former lacks a Ratufa, a species which
occurs on Koh Kut, the latter is without any Preshytis, Tujxiia,

or rattus rat, all of which are found on the larger island. On
both a form of Epimys jerdoni is very common, though it wa&
not met with on the mainland.

When we got back to Bangkok visits were paid to Koh Si

and Koh Phai in the Inner Gulf, and accounts of the collections-

made on them and of the reptiles and batrachians obtained in

the south-east appear in the ' Journal ' of the Natural History
Society of Siam, while a report on the birds is contributed to
' The ibis.'

The first set of all collections has been given to the British

Museum (Nat. Hist.) at South Kensington, and the second tO'

the U.S. National Museum at Washington.
Ridgway's colour-names used here are those of his second'

publication, ' Colour Standards and Nomenclature,' 1912
Though in the title of this paper I have mentioned only one-

locality for the sake of brevity, it may be said that most of the

specimens obtained at Ok Yam and many from Klong Yai
actually came from the Cambodian side of the boundary, as it

now runs between Siam and that country.

1. Hylobatbs pileatus Gray.

Hylohates pileatus Gray, P. Z. S. 1861, p. 135, pi. xxi. ; de Pou-
sargues. Mission Pavie, Indo-Chine, Etudes Diverges, iii. p. 511
et seq. (1904).

Hylohates agilis, Yeiviety pileatus Flower, P. Z. S. 1900, p, 313.

5 adult males, 2 adult females, 1 female juv., from Klong
Menao and Len Ngop, S.E. Siam.

It is probable that these animals are practically topotypes, as
Mouhot's specimens came from some part of Cambodia. The
statement that they were met with on a small island near the
coast must be received with hesitation until their occurrence in>

an insular locality is confirmed.

The original description of the species applies excellently to-

the present series of this individually vai'iable genus. The five

males are (though paler on the dorsal region and the lower half

of the legs) black or brownish black throughout except for a ring

round the face, the hands and feet, and a genital tuft, which are

dull white or buffy-white. The pale band running fi*om the-

temples round the back of the head, greyish, ashy or brownish
posteriorly, is not always complete behind, and then the dark
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patch on the crown (which gives its name to the species) is not

always isolated. The pale area on the hands and feet varies in

extent ; sometimes it covers the extremities from the wrists and
ankles and sometimes is confined to the fingers and toes.

The two adult females are drab above, the rump and outer

.side of limbs somewhat warmer in tone, being slightly tinged

with ochraceous. The crown, cheeks, throat, and a diamond- or

shield-shaped area over the breast and abdomen extending to

the axilla? and almost to the genital region are bla,ckish. The
hands and feet, inner side of limbs, and the pelage bordering

the black areas ai-e somewhat lighter than the rest of the body.

The young female is drab to buffy throughout except for a

slightly indicated dark cap on the top of the head.

Gray was only able to state that the pale examples examined

by him were " probably female." I was told by Siamese villagers

who saw my specimens that females were always pale on the

back and limbs, while the abdominal surface is variable {cf. de

Pousargues, op. cit. p. 516).

I am of opinion that this animal should be given only sub-

specific rank and treated as a geographical race of II. lar, which
occurs as far east as Luang Prabang (de Pousargues, op. cit.

p. 511) and in Central Siam, east of the Menam (Gyldenstolpe,

Arkiv for Zoologi, Band 8, no. 23, p. 6, 1914).

Though I only obtained these animals at two collecting-stations,

we heard them calling every morning from the hills all along the

-coast from Ok Yam on the Franco-Siamese boundary to the

mouth of the Ban Yao River near Chantabun. Their cry did

not appear to differ in any way from that of H. lar or H. agilis.

Measurements.—See table, p. 67.

2. Macaca andamanensis Bartlett.

Macaca andamanensis Bartlett, Land and Water, vol. viii.

p. 57 (1869) ; Sclater, P. Z. S. 1869, p. 467 & figure.

Macaca leonimus Sclater, P. Z. S. 1870, p. 663, pi. xxxv.

;

id., op. cit. 1898, p. 280; de Pousargues, Mission Pavie, Indo-
Chine, Etudes Diverses, iii. p. 517 (1904).

A single adult female of this species was obtained at Klong
Menao. This sex does not appear to have been fully desciibed,

so that an account of the present specimen may not be out of

place.

Colour.—Crown, nape, and entire upper surface, outer side of

forearms, hands, and feet mummy-brown to olive-brown, slightly

lighter and yellower across the shoulders and lighter on the
upper part of forearms and on the sides, the hairs annulated with
dull pale buff. Thighs and buttocks paler and greyer (near

drab-grey), devoid of annulations, the hips somewhat more bufi'y.

Face, temples, sides of head and neck, and buttocks buffy-silvery

or dirty brownish white, underside of body and inner side of

arms more silvery. Tail mummy-brown below, blackish brown
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above, this colour not continued on to the rump, which is

scarcely perceptibly darkened mesially. Inner side of ears

silvery, a few dark hairs round the eyes. Skin of orbital region

in living animal pale lilac-blue ; nose, lips, palms, and soles

fleshy brown.
Comparison with females of 31. nemestrina fi'om the Malay

Peninsula shows that the female andamanensis differs in the
absence of any rufous or ochraceous tone in the pelage and in

its undarkened rump : while, as regards the skull, the muzzle is

much reduced in size and tapers both upwards and forwards and
the interpterygoid space is wider, embracing laterally a greater
portion of the bullae.

Considering the individual variability of macaques, the
dimensions of the skull are in strikingly close agreement with
those of the female recorded by Anderson in ' Zoological Re-
searches,' p. 52, which probably came from the country west of

the Irawadi River.

Measurements.—External measurements, taken in the flesh :

total length, 640 mm. ; tail from angle formed with rump above,
200

; head to vent, 480 ; hind foot, 158 ; ear, 38. Skull : greatest

length, 117-5 (113-8) ; basal length, 77-7 (79-2) ;
palate to foramen

magnum, 32 (34-5) ; anterior edge of auditory opening to

gnathion, 86-2 (81-2); occiput to narion, 85 (87-6); narion to

gnathion, 49-3 (51*7) ; orbit to gnathion, 39; breadth of muzzle
at pm^ 30-5 (30-4), at m^ 35-6 (34-3), at roots of zygomata 40;
facial breadth at fronto-malar suture, 61 (62) ;

post-orbital

breadth, 47*6 (48-2) ; zygomatic breadth, 77 (76) ; mastoid breadth,

64 (62-7); orbit, 25x25-5 (24x28); maxillary tooth-row ex-

clusive of incisors, 38 ; length of mandible in alveolar plane,

77 (75).

Elliot has pointed out (' Review of the Primates,' vol. ii.

p. 209) that Blytil's name for this monkey is preoccupied by
leonina Sliaw, applied to AI. albibarbatus, so that andamanensis
Bartlett, based on an example introduced into the Andamans
from Burma, must unfortunately be used,

3. Macaca irus Cuvier.

Macacus irus F. Cuv. Mem. Mus. Hist. Nat. Paris, iv. 1818,

p. 120.

Macacas cynomolgus Flower, P. Z. S. 1900, p. 316 ; de Pou-
sargues. Mission Pavie, Indo-Chine, Etudes Diverses, iii. p. 517

(1904).
Pithecus fascictdai'is Gyldenstolpe, Arkiv for Zoologi, Band 8,

No. 23, p. 3 (1914).

3 adult males, 2 adult females, 1 immature female, from Koh
Kut Id., S.E. Siam.

3 immature females, from Koh Chang Id., S.E. Siam.

I have compared these animals with a large number from
the Malay Peninsula and adjacent islands which show a great
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amount of individual variation fi'om each localit}'. The only

difference I can detect is that, series for series, the Siamese
animals have perhaps a somevi^hat greater quantity of black hairs

on the forehead and top of head, but the distinction is un-

important, and I have therefore placed them under the name
first definitely applied to the crab-eating monkey of the S.E.

Asiatic mainland.

It may be said that the blackish hands and feet which Elliot

(' Eeview of the Primates,' vol. ii. pp. 189, 230, 231, 233 (1913))
emphasizes as the distinguishing characters of M. irtcs do not,

so far as my experience goes, exist.

On the whole the series is very uniform, save that adult females

have no trace of rufous on the dorsal surface.

We met with a large herd of these monkeys on the mainland
on one occasion while sailing up a river at daybreak, but were
not prepared for obtaining them.

Measurements.—See table, p. 67.

4. Peesbytis geemaini M.-E.

SemnojntheGus germaini Milne-Edwards, Bull. Soc. Philom.

1876, Feb. 12; Flower, P. Z. S. 1900, p. 319; de Pousargues,

Mission Pavie, Indo-Chine, Etudes Diverses, iii. p. 517 (1904)
(mis-spelt germani).

Presbytis germaini Gyldenstolpe, Arkiv for Zoologi, Stockholm,
Band 8, No. 23, p. 5 (1914).

One adult male of this handsome silvery-black leaf-monkey was
obtained at Klong Yai, S.E. Siam, where, and in Cambodia and
Cochin-China, it is the representative of the cristata group.

Measurements.—See table, p. 67 ; and also under P. g. man-
clibidaris.

5. Presbytis germaini mandibularis, subsp. n.

Type. Adult male (skin and skull). No. 1433/C.B.K. B.M.
No. 15.11.4.5. Collected on Koh Chang Id., S.E. Siam, 7th
December, 1914.

Characters.—A form of P. germaini characterised by smaller

size, paler legs, more slender zygomata, broa,der interpterygoid

space and basioccipital, and by the higher and narrower ascending

ramvis of the mandible.

Colour.—Resembles P. germaini, except that whereas in the

mainland animal the buttocks, outer and posterior sides of legs

are pure silvery white, sharply contrasting with the black feet

and back, in the island form these areas are black or greyish,

only frosted with silver, and thus less contrasting with the feet

and back.

Shull and Teeth.—As compared with an adult but less aged

male from the mainland, the skull is smaller ; the zygomatic arches

much less deep (4 : 7 mm.), the lower edge being concave instead

of straight ; the basioccipital is relatively broader ; the inter-

pterygoid space broader and more oblique, the sides more spread
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out, and the tips of the pterygoids farther apart (36 : 33 mm.).

The ascending ramus of the mandible is steeper, being both

higher and narrower, with the sigmoid notch less broad ; a line

passing down the back of the condyle and angle of the mandible
is a,lmost perpendicular to the plane of the base of the mandible
in P. ge?^mai)d, while in its subspecies, at their junction, these

planes form an acute angle only.

Measurevients*.—External measurements, taken in the flesh:

total length, 1260 (1300) mm.; tail from angle formed with
rump above, 720 (755); head to vent, 540 (570); hind foot,

160 (160); ear, 40 (42). Skull: greatest length, 99-5 (106);
basal length, 72*5 (80); zygomatic breadth, 77(78); maxillary

tooth-row, 35(36); greatest length of mandible, 73 (81): per-

pendicular height of coronoid process, 47 (44): perpendicular

height of condyle, 44 (42) ; breadth of ascending ramus from
anterior root opposite centre of m^ to angle, 32 (34) ; coronoid

process to back of condyle mesially, 16 (18"5).

Specimens examined.—Seven (the t^'pe, 3 adult females, 2 im-

mature females, 1 male juv.)t.

Remarks.—Though, as listed above, I have only one adult

male from the mainland for compaiative purposes, I have re-

garded it as a typical example, and while the above details record

diflerences between it and the insular male, the characters of the

latter are completely confirmed by the remainder of the series

from Koh Chang.
The colour of the infant male is ochraceous orange above,

ochraceous buft" below, with traces of darkening on forehead,

temples, and tip of tail.

The two immature females, both partially retaining their

milk-dentition, resemble adults in every respect in colour of

pelage. No form of Preshyt/is occurs on the neighbouring laige

island, Koh Kut.

6. Paradoxurus hermaphroditus Pall.

Viverra hermajyhrocUta Pallas, Schreber, Siiugeth. iii. p. 426

(1778).
Paradoxurtis jxMasii Gra}^, P. Z. S. 1861, p. 136.

Paradoxurus hertnaijhroditus Flower, P. Z. S. 1900, p. 329
;

de Pousargues, Mission Pavie, Tndo-Chine, Etudes Diverses, iii.

p. 522 (1904).

A half-grown fenaale was obtained on Koh Chang Id. which
differs from P. m. kutensis in its lighter, more bufiy colour,

narrower stripes, and paler shoulders ; the muzzle and extremities

are less black, and the chest is darker ; a broad pale band extends
uninterruptedly across the forehead, much reducing the brownish
area on the top of the head. Save for this latter, it appears to

bear some likeness to P. cochinensis of Cochin-Ohina (Schwarz,

* Measurements in parentheses those of an adult male from the adjacent main-
land. No. 1839/C.B.K.

f See table, p. 67.

Proc. Zool. Soc—1916, No. III. 3
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Ami. & Mag. Nat. Hist. ser. 8, vol. vii. p. 635, 1911), but it also

exactly resembles externally a specimen from the State of Perils,

in the Malay Peninsula, and others from islands north of

Penang. The skull is too young for comparison.

7. Paradoxurus minor kuiensis, subsp. n.

Type. Adult male (skin and skull), No. 1749/C.B.K. B.M.

No. 15.11.4.39. Collected on Koh Kut Id., S.E. Siam, 27th

December, 1914.

Characters.—A race of P. minor Bonhote (' Fasciculi Malay-

enses,' Zoology, Part 1, p. 9, 1903), characterised by blacker

(less brownish) muzzle, crown, tail, and extremities, less fulvous

fur above, paler nape and chest, the latter concolorous with the

rest of the buffy abdomen, by the great breadth across the

zygomata, and by smaller bullae.

Colour.—Muzzle, chin and throat, top of head and ears, distal

half of fore and hind limbs extending higher on under surfa.ce,

and greater part of tail brownish black. Five black stripes or

rows of spots on the back and a few on the flanks, the inner

three extending on to the base of the tail aiul becoming somewhat
broken and irregular on the shoulders, which, with the neck, are

somewhat clouded with blackish. A few black spots on sides

and thighs. General ground-colour of the body, extending to the

throat below and over the neck above, pale smoke-grey, slightly

tinged with buff on the rump and thighs. A broad whitish

band from above the eyes passes below the ears to the sides of

the neck, but is interrupted on the forehead, where the black

area of the muzzle is connected with that of the crown. Base of

tail pale fulvous clouded with longer black-tipped hairs.

Skidl and Teeth.—The skull agrees with those of P. minor,

from Peninsular Siam, but is rather larger, the zygomatic

breadth in particular being greater. The bullae, on the other

hand, are considerably smaller. The teeth also are in general

agreement, but there is a greater deflection in the maxillaiy row-

owing to the fact that the posterior cusp of m^ is placed much
nearer the centre of that tooth.

lUeasurements *.—External measurements, taken in the flesh :

total length, 480 (460) mm. ; tail, 420 (450) ; hind foot, 74 (64)

;

ear, 40 (39). Skull : greatest length, 101 (96) ; basal length, 90
;

length of palate, 45 (43) : breadth of palate between carnassials,

16 (14): greatest breadth of brain-case, 35-5 (32); zygomatic

breadth, 58'5 (53); intertemporal constriction, 13; length of

maxillary tooth-row, exclusive of incisors, 37.

Hpechnens examined.—The type and a half-grown female with

exactly similar coloration.

liemarks.—Its rather larger size, paler, less fulvous ground-

colour, smaller bullfe, and broader skull serve to distinguish this

animal from P. minor of the type-region ; in addition, the tooth-

* Measnveiiunits in parciitlifses those of the type of P. minor, an adult female

from Jalor, I'eniusulav Siam.



MAMMALS FROM SIAM. 35

row is a little more detlected. This latter character, apart from
smaller size, may serve to separate the minor from the herma-
phroditus section, in which the maxillary tooth-row is less bent,
since the outer lobes of m* are more in line. In the Koh Kut
animal the great breadth of the skull near the posterior roots of
the zygomata causes it to have a very heart- or pear-shaped
outline.

The only examples of P. minor hitherto recorded from Indo-
China are two young individuals collected by Dr. Yassal in
Annam (Bonhote, P. Z. S. 1907, vol. i. p. 6).

8. Martes flavigula indochinensis, subsp. n.

Maries flavigula de Pousargues, Mission Pavie, Indo-Chine,
Etudes DiVerses, iii. p. 521 (1904) ?

Ty2)e. Adult female (skin and skull), JNTo. 1860/C.B.K. B.M.
15.11.4.40. Collected- at Klong Menao, S.E. Siam, on 9th
January, 1915.

Characters.—C\o%h\y resembling in colour Martes flavigula
flavtgida, but considei-ably smaller, with naked soles, harsh fur,

and brofid-lobed posterior molar, agreeing in these respects with
the equatorial members of the gioup.

Colour.—Entire upper surface of head and neck to shoulders,
including ears, hind feet, and tail, deep brownish black; distal

half of fore legs, rump, base of tail, and hind limbs blackish
brown, these colours gTadually chaugiug into honey-yellow be-
tween the shoulders and hind quarters, the median dorsal line

being washed throughout with mummj'-brown, most strongly
posteriori}^ Sides of neck between ears and shouldeis bright
buff-yellow ; sides of upper lip, chin, and throat white ; under-
side of neck and fore-chest dirty white tinged with yellow ; chest
and abdomen cartridge-buft". Inner sides of ears nnimmy-brown
edged with whitish and with an indistinct central patch of the
same colour.

Skull and Teeth.—Do not appear to difier from those of M.f.
peninsidaris Bonhote (8 specimens examined), except that the
skull is a trifle larger and the bullje a little larger and more
dilated.

Measurements *. — External measui-ements, taken in the flesh :

head and body, 480 (430) mm. ; tail, 385 (383) ; hind foot, 96 (85)

;

ear, 38 (32). Skull: greatest length, 91 (90); basal length,
85-5 (83-5); length of jDalate from henselion, 42 (41); least

palatal bi'eadth between carnassials, 13*5 (15) ; breadth at post-

orbital constriction, 24-5 (21-5); zygomatic breadth, 51 (49-5).

Specwtens examined.-—One, the type.

Memarks.'—ln colour thivS animal seems closely to resemble
M. f. flavigida, ranging from ISTepal to Burma, but its naked
soles, short harsh fur, small size, and broad inner lobe of the
posterior molar place it in the equatorial section of the group

* Measurements. in parentheses those of an adult female 3£.f. peninmlaris from
TraiJg, Peninsular Siam : F. ^r. S. Mus. No. 1142/10.

3*
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and separate it from the true M. flavigida according to Mr. J, L.

Bonhote in Ann. & Mag, Nat. Hist. ser. 7, vol. xii. p, 342 et seq.

(1901), who there reviewed the grouj).

Since writing the above paper Mr. Bonliote has recorded two
examples of the true M. f. jlavigula from Chiengmni, Northern
8iam (P. Z. S. 1902, part i. p. 38), thus increasing the range of

this form. These examples are much larger than the individual

nnder discussion here, so that it would appear that there are in

fSiam two races similar in colour but differing in size and in the

characters given above. Were it not for these latter it would be
most convenient to regard the south-eastern animal simply as a

small race of M.Jlavigida.

9. TuPAiA coxcoLOR Bonhote.

Tnpaia concolor Bonhote, Abstract P. Z. S. 1907, p. 2 ; id.,

P. Z. S. 1907, p. 7 ; Lyon, Proc. U.S. Nat. Mus. vol. xlv. p. 59

(1913).
_

Tupcdu helcmgeri de Pousargues, Mission Pa,vie, Indo-Chine,
Etudes Diverses, iii. p. 520(1904); Gyldenstolpe (partim), Arkiv
for Zoologi, Band 8, No. 23, p. 9 (1914).

2 males, 2 females, Ok Yam, Franco-Siamese Boundarj^
;

3 males. 5 females, Klong Yai ; 2 males, 2 females, Klong Menao,
S.E. Siam.

These animals are intermediate between T. helangeri Schreb.,

of Pegu and Tenasserim, and T. concolor Bonhote, known from
Southern Annam and Cochin-China. On the whole, however,
they most closely approximate to the latter, though the pale

shoulder-stripe is perhaps a little more marked, and so I have
assigned them to it on geographic grounds. Several of them
which are faintly washed on the rump with ochraceous, nearly
resemble examples of T. belangeri from Southern Tenasseiim, but
the annulations anteriorly are somewhat coarser, while the buft' is

of a slightly deeper shade. There are three pairs of mammae as

in T. helangeri ; in T. concolor the number is unfortunately un-
known, as are the external measurements. The present animals
are somewhat lai'ger than T. helangeri, while the dimensions of

the skulls are similar to those of skulls from Annam and Cochin-
China.

Measurements.—Ears of the series, 15-20 mm. For other
measurements see table, p. 68.

10. TuPAiA CONCOLOR SINUS, subsp. n.

Type. Adult male (skin and skull). No. 1422/C.B.K. B.M.
No. 15.11.4.31. Collected on Koh Chang Id., S.E. Siam, 7th
December, 1914.

Characters.—Like T. concolor, from the adjacent mainland, but
smaller, darker, with yellower under surface and a conspicuous
shoulder-sti'ipe.

Colour.—Entire upper surface a grizzle of ochraceous bufi" and
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blackisli, the crown more ocliraceous, the tail blacker, and the

sides and limbs more buffy, but no diflerence in tone between
the shoulders and rump ; shoulder-stripe conspicuous cream-bufF.

Chin, throat, chest, and median abdomen buff-yellow ; underside

of thi_^hs buffy-grey, of fore limbs buffy. Hairs of tail below
with two distinct buffy annula.tions and a narrow subterminal

one slightly deeper in shade. Ears dark.

Skull and Teeth.—Do not differ from T. concolor except in

size.

Measurements.—Ears of the series, 15-18 mm. For other

measurements see table, p. 68.

Specmiens examined.—Seven, 4 males and 3 females, from the

type-locality.

Remarks.—Only one island race of Tupaia,i\\e present form,wa,s

met with during the excursion, the family being unrepi-esented

on the large island of Koh Kut. T. c. sinus is a well-marked

insular race, clearly differentiated by smaller size, concolorous

doisal area, and conspicuous shoulder-stripe.

11. Dendrogale FRENATA Gray.

Tupaia frenata Gray, Ann. k, Mag. Nat. Hist. ser. 3, vol. vi.

p. 217 (1860).

Dendrogale frenata de Pousai-gues, Mission Pavie, Indo-Chine,

Etudes Diverses, iii. p. 520 (1904); Bonhote, P. Z. S. 1907,

p. 8 ; Lyon, Proc. U.S. Nat. Mus. vol. xlv. p. 128 (1913).

1 male, 1 female, Klong Menao ; 1 female, Klong Yai, S.E.

Siam.
Recently Dr. M. W. Lyon has so carefully characterised this

species in his monograph on the Tupaiidfe [loc. cit. sicjjra), that

there is little more to add. His description, however, apparently

applies to the female, as the two examples of that sex now
obtained most closely a.gree with it, while the male is both lai-ger

and of richer colouring, with darker tail, the upper surface of

the body being more tawny, the under surface of a richer buff',

while the bright areas of the head are buff-yellow [Ridgioay

1912). These differences have not hitherto been properly

allocated, as the sex of the few specimens previously collected

was unknown.
With regard to the head-markings, it maybe further noted :

—

The black line through the eye is continued over the inner side

of the ear, and the buffy cheek-colour runs round the lower edge
of the ear to the back of this. There occurs also below tlie eye

a narrow black line running from the upper lip to the roots of

the cheek-vibrissfe. The buff of the thigh continues along the

outer side of the foot and spreads over part of its upper surface,

while the toes are largely buffy.

Dr. Lyon remarks of this and the allied D. murina from
Western Borneo, tha,t their scarcity in collections may probably

be due to some peculiarity of habit making them difficult to
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secure. My experience of D.frenata is that it does not come
to traps, as do other Tv^paiidEe. It runs about on the ground or

along the roots of large trees, and being an extremely shy and
inconspicuovis little animal, is not easy to see or to shoot.

Measurements.—Ears of the series, 12-13 mm. For other

measurements see table, p. 69.

12. Pteropus hypomelanus condorexsis Pet.

1602. 2 f^d- Koh Mak. 19th December, 1914.

1628. 2 juv. ; 1629. $ subad. ; 1630. $ subad. Koh Mak.
20th December, 1914.

1656. 6 ad.; 1657. 6 ad.; 1658. 6 subad. Koh Rang.
21st December, 1914.

" In the three fully adult specimens, one from Koh Mak and
two from Koh Rang, the foreai-m measures 138-142 mm., the
skull (total length) 62-67, the lower jaw (condyle to front of

incisors) 49"8-53-5, and the maxillary tooth-row (c'-m', crowns)
24-25-5.

" Though not very large, this series beautifully illustrates the
individual colour-variations in this bat. I should not be sur-

prised if they represent approximately the exti'emes in colour,

besides, of course, several intermediate stages. The mantle va.ries

from a tinge a little paler than " hazel " (Ridgway, pi. iv. no. 12 *
:

c? subad,, Koh Rang, 1658), through several darker tinges, to
warm glossy seal-brown (pi. iii. no. 1 : 5 ad,, Koh Mak, 1602).
The underparts are, in two individuals

( 5 juv., Koh Mak, 1628,
and <S ad., Koh Rang, 1656), quite or very nearly uniform dull

seal-brown ; in one
( $ ad., Koh Mak, 1602) there is just a faint

suggestion of a deep chocolate tinge in the central area of the
breast and belly, in others this same area becomes gradually
lighter in colour, the extreme being a quite pale shade of russet
(considerably paler and more bu fly than Ridgway's pi. iii, no. 16 :

$ subad., koh Mak, 1629). The back varies from blackish
seal-brown to a tinge almost like ' burnt umber,' and is some-
times nearly uniform, but more often thinly, sometimes rather
thickly, sprinkled with greyish hairs.

" The variations as described above are entirely independent
of the sex and age of the individuals.

" These are the first specimens of condorensis I have seen
since working out the genus Pteroptts for the British Museum
Catalogue of Ohiroptera. My material then was the type in
Berlin and the paratypes in Paris, from Pulo Condor (off S.E.
Lower Cochin-China), all of which are mounted and faded, and
an^ old and much faded skin in the British Museum labelled
' Sia.m ' {Flnlayson). Judging from the present fresh and well^
preserved series, I am inclined to think that condorensis will
have to be put down as a synonym of Pt. hypoDielamis tomesi.

* The colours in my ' Catalogue of Meoracliiroptera ' were named from the old
edition of Ridgway's ' Nomenclature of Colours ' (1886). To avoid confusion I use
the same book for my description of the colours here.
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But befoi'e giving any definite opinion I should like to see fresh

materia] from Palo Condor."

—

Knud Andersen.

[Bats of the hi/pomelanus species are apparently strictly con-

fined to small islands, and do not occur on the mainland or on
large islands, however closely their homes may be situated to

such regions.

The vamjyjirus species, on the other hand, is largely of con-

tinental habitat, or, if living on islands, the animals are of greater

size and more nearly related to the mainland forms than are those

of the hypomelanus species ; and except on one of the Natuna
Islands, representatives of the two species never seem to occur

side by side.

—

C. B. A'.]

13. Pteropus vampvrus malaccensis K. And.

1671. 2 juv. ; 1672. c^ ad.; 1673. J ad.; 1674. $ ad. Ivoh
Kut. 23rd December, 1914.

1690. c? ad. Koh Kut. 24th December, 1914.

1732. Jsubad. ; 1748. d subad. Koh Kut. 26th December,
1914.

"No. 1671 is not nearly full-grown. No. 1732 is perhaps
externall}^ full-sized, and the skull very nearly so.

" In the four fidly adult specimens the forearm varies between
190-204 mm. (this lowers the minimum given in my Catalogue
by 5 mm., but it is easy to see that my material did not show the
real extremes in size ; the then available measurements of the
forearm were 195-209, but as the variation in length of forearm
in any species or subspecies of Pterojnis is usually at least ten per
cent., 190-209 comes probably nearer the true extremes) ; the
skull (total length) measures 77'5-81, the lower jaw (from
condyle) 60*5-64, and the maxillary tooth-row (crowns) 30-30-7.

" The six specimens are not peculiar in any respect. In colour

they exhibit no more variation than usual in Ft. v. onalacceusis,

i. e. a lighter, or deeper tinge of the mantle and head, and a
thinner or heavier admixture of gi'eyish hairs on back and under-
parts.

"Z*^. V. 7nalaccensis was known to be generally distributed over
Sumatra, including Banka and the Linga Archipelago, and north-
wards through the Malay Peninsula to Jalor and Patani. The
present series extends its range across the Gulf of Siam to the
island of Koh Kut, off S.E. Siam.

'•' Three years ago, in the new British Museum Catalogue
of Chiroptera (vol. i. p. 325, in the paragraph ' Differentiation

of sjDecies ') I hinted at the possibility that a completed material

might show a gradual transition from Ft. giganteus (' Pt. medius '

of Dobson's Catalogue) to Pt, vampyrus (' Pt. edtdis '). But
time was not ripe then for any final conclusion on this subject,

and I preferred, in order not to prejudice matters, simply to

record the distinguishable forms under four headings :

—

"(1) Pt. giganteus {two races) from India and Ceylon, north
and north-east to Nepal, As^^i^^j '^^^^ Manipur—represented in the
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Maldive Arcliipelago by (2) Pt. ccriel, in Tenasserim by (3) Pt.

intermedius, and in tlie Malay Peninsula and Indo-Malayan
Archipelago by (4) Pt, vampyrus (six races). A fifth form,

Pt. lylei (Siam and Saigon) appears to be a perfectly distinct

species.

" Since then the Mammal Survey of India, carried out under
the a.uspices of the Bombay Natural History Society, has enor-

mously increased our knowledge of the range of variation of

Pt. giganteus, and everything I have seen so far tends to con-

firm my belief that future systematists will be compelled to

i-egavd giganteus. ariel, intermedius, and vampyrus as local

I'epresentatives (' svibspecies ') of one species, Pt. vampyrios—
intermedius being (as the technical name was intended by me to

indicate), both geographically and in its characters, the con-

necting-link between the western (Indian and Indo-Chinese)

giganteits and the eastern (Indo-Malayan) vampyrus, and ariel.,

an only slightly and probably imperfectly differentiated island

form of giganteus."—Knud Andersen.

[The occurrence of this animal on Koh Kut is interesting, as

it must apparently have arrived there by flight from the Malay
Peninsula across the Gulf of Siam—a jovirney over water of

about 250 miles—^since the only flying-fox known on the main-
land from Bangkok to Siam is P. lylei, a veiy distinct species,

while the continent west of Bangkok is apparently occupied by
another species, P. intermedius,—C.B.K,^

14, Oynqpterus brachyotis angulatus Miller.

15. Cynopterus brachyotis brachyotis S. Miiller.

1437-1440. All c^ ad. Koh Chang. 7th December, 1914.

1508. c? ad, Koh Mehsi East. 13th December, 1914.

1579. J ad.; 1580, ^ ad.; 1581, 2 ad.; 1582. 2 ad.; 1583.

5 ad. Koh Kra. 17th December, 1914,
1599. d ad.; 1600. $ subad. ; 1601. $ ad. Koh Klum.

18th December, 1914.

1786. c^ ad. Koh Kut, 30th December, 1914.
" The four specimens from Koh Chang I refer to C. h.

angulatths ; all the others are undoubtedly C, h, brachyotis.
*' I have carefully examined and measured all the specimens.

Unfortunately, all being skii:is *, I have been unable to verify

the collector's measurements of the ears, as given on the label of

each specimen. Not that I have the slightest doubt of the
accuracy of his measurements, but what I do have is a strong

* I should like to take this opportunitj' of urging on collectoi's the advisability of
preserving in alcohol a fairly good number of the bats obtained. Skins are in-

dispensable for a study of the colours of the fur, but the shape and size of the ears
and (in leaf-nosed bats) the details of the nose-leaves are in this group of mammals
such important items that I often, during my work for the Catalogue, have had to

deplore the now almost universal habit of experienced collectois of making nearly
every good specimen of a bat into a skin. My earnest advice is, if only one
specimen is obtained, put it in alcohol, if several, put about luilf of theni (fvnd not
only tlie n^ost badly damaged ones) in alcohol.—K. A,
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suspicioii that his method of measviring the ears of a Cyiiopterus

is different from mine, and his measurements, therefore, not
directly comparable with those given by me in the new ' Cata-

logue of Chiroptera.' If they were, then the four specimens
from Koh Chang, though having a cranial rostrum pei-fectly

similar to that of C. b. angulatas, would possess ears as long

as, or (in three out of four cases) conspicuously longer than,

any C. sphinx sphin.v I have seen. It is only natural, I think,

that before admitting the existence of such specimens I should

like to verify their characters on alcohol material. AIno the
' collector's measurements ' of the ears of the ten C h. brachyotis

.

are unusually large.

"In the specimens of brachyotis the forearm measures 58-

66 mm. (57-66 : I add everywhere in parentheses, for com-
parison, the corresponding measurements taken by me on the

large series examined for the 'Catalogue of Chiroptera'), in

the four angulatits 66-70 (65-72); ear, collector's measurements,
brachyotis '15-5-18' (15-17), angulatus '18-3-21' (16-18);
skull, lambda to gnathion, brachyotis 28-5-29'8 (27-30-?), angu-

latus 32-33 (30'5-33-2) ; rostrum, orbit to nares, brachyotis 6-7-

7-3 (6-7-4), angulatiis I'l-l-^ (6-5-8-2); mandible, brachyotis

21-5-22-8 (20-2-22-8), cm^it^a^Ms 24-2-25 (22-8-25-5); maxillary

teeth (crowns), brachyotis 9'2-10'4 (8-8-10-4);, angulatus 10-2-

10-8(10-2-11-3).
" If all the fourteen specimens are placed in a row the

practised eye will easily pick out the four angulatus, owing to

a different, but hardly describable, tinge of the colour of the

upper side. If, similarly, the skulls are placed in a row those of

angulatus are, of course, distinguishable at a glance by their

conspicuously longer size (see measurements above).
" Of course, if a fonn really does exist, in the nox'th of the

Malay Peninsula, in the islands off" S.E. Siam, and possibly some'

where else, which possesses the skull of angiclatus*, but the ears

o? sphinx f, then an entirely new and unsuspected element is

introduced into the genus. But unless and until the existence

of such a form is properly established, I should think it rather

premature to discuss its probable effect on our arrangement."—

•

Knucl Andersen.
[Dr. Andersen's notes seem to call for some i-emark. With

i-egard to the measurement I am satisfied that that used by me
is the same as his, i, e. ' from orifice ' (to the extreme tip under-

stood). It is the only one of the outer external side that can be

taken with any oei-tainty and uniformity, and is so obvious that

it suggests itself to every collector. The only possible alternative

is the length of the inner external side from tip to base on the

crown—quite another thing and not to be confounded with the

former.

* Cranial rostrum (orbit to nares) less than one-fourth of skull (lambda to

gnathion).

f Ears from orifice (18-20'o mm.).
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Now C angidatus Miller, does have long ears, for the measure-
ments of the type series are given as 18-21 mm.* The type-

locality is Trang, S. Peninsular Siam or, to put it another way,

Central Malay Peninsula. Recently Messrs. H. 0. Robinson
and E. Seimuncl obtained a series of bats from Bandon (about

100 miles to the north of this) and the adjacent islands of Koh
Samui and Koh Pennan, with ears which they found to range
between 18*5 -21 mm.t, while I, again, consider my Koh Chang
specimens to have ears of 18*5-21 mm. It is impossible to

ignore the evidence of so many independent observers, which
goes to prove that a bat with the long ears of Dr. Andersen's
sphinx really does occur in this region.

The question then arises as to what is the angidatus of

Andersen, based on a large mass of heterogeneous material from
an extensive region, ranging from Assam and Annam to Sumatra
and the islands oJS' its western coast. Though it includes six of

Miller's type series, three of which have the ear-length recorded

as above, our author does not seem to have taken this statement
into consideration.

Now Dr. Andersen recorded C. brachyotis hrachyotis as also

occurring throughout Sumatra and the Malay Peninsula as far

north as Trang (and now in the islands of S.E. Siam), so that if

angidatus is to be accepted as a form of hrachyotis, as he desires,

we have an instance of two subspecies of the same species living

side by side ; or, in other words, two geographical races or local

forms occurring in the same place—a thing which most zoologists

will flatly refuse to admit : they must either be the same thing
or forms of two species.

Again, if on account of the long ears (which I think must be
accepted as occurring in the Malay Peninsula and islands of Siam
at any rate) we regard angidatus as a form of sphin.v, we should
have, if the long-eared angidatus occurs there too, a similar

questionable state of affairs existing in Sumatra, which is in-

habited by titthcecheilus, also, according to Andersen, a form of

sphinx. So we are left with three alternatives : either angidatus
has no real existence, the material forming it being part sphinx
and part hrachyotis—wot very probable ; or it is a very plastic

and compi-ehensive form of the latter, of which the typical race

is non-existent in Sumatra and the mainland ; or it is an in-

dependent species. In the last case its central position is good
reason for the possession of characters appertaining to both the
other species :—long ears of sphinx, short rostrum of hrachyotis,

and medium size. And to explain the occui'i-ence of all species in

one locality to-day we may imagine sphinx extending eastward
from Ceylon, angidatus southward from Indo- China, and hrachy-
otis westward from, for present purposes—say, Borneo : all con-
verging on Sumatra—probably the home of the other section

of the genus Niadius. Or conversely, all species of Cynopterus

* Miller, Proc. Acad. Nat. Sciences, Pliiladelpliia, 1898, p. 316.

t Robinson & Kloss, Journ. F. M. S. Museums, vol. v. pp. 115, 134 (1915).
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originated in the latter locality, and in the race for expansion

the last got left at the post.

—

C.B. iTJ.

16. Ratufa melanopepla leucogenys, subsp. n.

Sciurus javensis Grray, P. Z. S. 1861, p. 137.

Sckirus hicolor de Pousargues, Mission Pavie, Indo-Chine,

Etudes Diverses, iii. p. 582 (1904).

Battbfa melanopepla Gyldenstolpe, Arkiv for Zoologi, Band 8,

No. 23, p. 15 (1914).

Type. Adult female (skin and skull), No. 1912/C.B.K.
B.M. No. 15.11.4.43. Collected at Leni Ngop, S.E. Siam, on
15th January, 1915.

Characters.—Like R. m. peninsulce Miller (Proc. Washington
Acad. Sci. vol. ii. p. 71, 1900 ; id., Smithsonian Miscellaneous

Collections, vol. Ixi. No. 21, p. 25, 1913), but yellow of cheeks,

fore limbs, and under surface markedly paler than the respective

areas in that form, yellow on thighs more extensive and con-

tinued along the sides of the feet on to their upper surfaces,

where it occupies a considerable area, while the yellow of the

fore limb extends to the base of the toes above.

Colour.—Upper surface and entire tail bi'ownish black ; a

fairly conspicuous russet patch on the nape. Under surface yjale

orange-yellow. Cheeks to base of ear, but not reaching the eye,

lower sides of neck, greater part of upper side of fore limb to base

of toes ivory-yellow, becoming cream-colour on the posteiior part

of the fore limb. Tlie yellow area of the under thigh continued

as ivory-yellow along the outer side of the foot and on to the

upper surface of the latter, where it occupies almost half of the

area between the ankle and bases of the toes. Sides of muzzle

like throat, but chin black.

Skull and teeth.—-Possess apparently no constant features

which will separate them from topotypes of li. m. pe')iiusulce,

from Traug, and others from Bandon, 100 miles to the north' in

Peninsular Siam. On the whole, the bullte appear to be a little

longer.

Measurements.—-Ears of the type 30*5, of the series 29*5-

30*5 mm. For other measurements see table, p. 69.

Specimens exarnined.—Three, the type and two adult males

from the same locality.

Remarks.—This race is separated from that of the Malay
Peninsula by its pale yellow coloration and large yellow patch

on the hind foot, while the yellow of the fore limb is greater in

extent, reaching the base of the toes.

The individual obtained by Gyldenstolpe {loc. cit. supra) in

Eastern Siam, south of Korat. is, judging from its measurements,
of this form. Ratufa phceopepla Miller (Smithsonian Miscel-

laneous Collections, vol. Ixi. No. 21, p. 25, 1913), from South
Tenasserim should occur also in Western Siam. It is like the

animal of the Peninsula, but larger (hind foot 80-89, skull 74-

78 mm.). Flower (P. Z. S. 1900, p. 355) records a black-and-
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yellow Giant Squirrel from Plirabat, and observed anotbei* near

Pakiiani Kabin which he believed had tufted ears. This feature

would apparently indicate the presence near Bangkok of Rattifa

glgcdntea McClelland, which, according to VV^roughto]! (Journ.

Bombay Nat. Hist. Soc. vol. xix. p, 890, 1910), also occurs in

JST. Siam. It is a large black-and-buft' a.nimal (head and body
417 mm., hind foot 87, skull 80), with the yellow on the fore

limb confined to the inner side.

17. Ratufa melanopepla sinus, subsp. n.

Type. Adult female (skin and skull). No. 1733/C.B.K.
B.M. No. 15.11.4.41. Collected on Koh Kut Id., S.E. Siam, on
26th December, 1914.

Characters.—Like R. m. peninsulce Miller, but uniform black

above with the under siu'face rather more ochraceous and ex-

tending slightly to the upper surface of the hind foot, while the

yellow of the fore limb extends to the base of the toes above.

Nasals rather longer.

Colour.—Upper surface and entire tail clear black. Under
sui'face varying from ochraceous buff to ochraceous orange and
ochraceous tawny in centre of abdomen. Cheeks to base of ear,

sides of neck, and upper and inner side of fore limbs pale orange-

yellow, deeper on the inner side of fore limbs, A small area of

ochraceous buff on the outer and upper sides of the hind foot.

Sides of muzzle like throat, but chin black,

Skidl and Teeth.—Resemble those of B. m. peninsidee and
li. m. leucogeiiys, except for the greater length of the nasals, the

posterior terminations of which are more in lizie with those of

the premaxillaries. The bullae are apparently a little shorter

and broader.

Measurements.—Ears of the type 30, of the series 27-30 mm.
For other measurements see table, p. 69.

Specimens examined.—-Six adults, 3 males and 3 females.

Remarks. ^T\ds form differs from that of the adjacent main-
land in being uniformly clear black above without any nuchal
spot. The yellow areas are deeper in shade, those of the head,

neck, and fore limbs being of about the same tone as the abdomen
of R. VI. leucogenys, while the patch of yellow on the upper side

of the hind foot is smaller and somewhat disconnected from the

yellow of the thigh.

This and the preceding race both differ from the Peninsular
form in the constant presence of a considerable amount of yellow

on the hind and fore feet. Inter se, the differences in colour are

very marked, though those of the dorsal surface may be only

seasonal. Size is about the same in all (a trifle larger in the

S.E. Siamese forms), but the longer nasals of the island race

further serve to distinguish it from both the others.

It may be pointed out that the forms from the islands of the

Malayan part of the Peninsula (Teratau, Langkawi, Penang, and
Tioman), i. e., southern island forms, are all instantly separated
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from the mainland races and from Siamese island forms (Telibon,

Samui, Pennan, and Kut) by their deep ochraceovis-tawny under
surfaces and by the gi'eater amount of black on the inner side of

the hind limbs.

Though the island of Koh Chang is larger than Koh Kut,
nearer to the mainland, and in much shallower water, no form
of Giant Squirrel occiii'S on it. Yet the Eatufa of Siam was
found immediately opposite the former, whereas all along the

coast in the vicinity of Koh Kut it was not met with.

18. SciURUS FERRUGiNEUs ciNNAMOMEUs Temm.
Sciurus cinnamometis Temminck, Esq.ZooLGuine, 1853. p. 250

;

Wrouditon, Ann. & Mag. Nat. Hist. ser. 8, vol. ii. p. 396 (1908)

;

Gyldenstolpe, Arkiv for'Zoologi, Band 8, No. 23, p. 12 (1914).

Sciurus splendens Gray, P. Z. S. 1861, p. 137.

6'cmrus ferriigineus Anderson, Zoological Researches, p. 244

(1878); de Pousargues, Mission Pavie, Indo-Chine, Etudes
1 )i verses, iii. p. 526 (1904)>

Sciurus Jinlaysoni Flower (partim), P. Z. S. 1900, p. 355.

Sciurus Jinlaysoni. Type B {_Sc. splendens), Bonhote, P. Z. S.

1901, vol. i. p. 53.

6 males, 7 females, Ok Yam, Franco- Siamese Boundary;
2 males, 3 females, Klong Yai ; 2 males, 1 female, Klong Menao

;

3 inales, 2 females, Lem Ngop, S.E. Siam.
The above specimens show a cei'tain amount of variation in

colour. On the whole, however, they most nearly approach
Sciurus sjdendens, var. 2 of Gray {= cinna'momeus Temm.).
" Top of head (and top of back by inference) and tail dark and
very intense red-bay ; side of the back, under sides of the body,
and tip of tail paler red-bay." A few approximate to var. 3.

" Uniform pale bay, like the side of var. 2 ; tail and middle of

the back rather darker and brighter ; tail without pale tip,"

though the latter shows some .signs of " bleaching " at the
extremity. The majority of the collection have the sides of

the head grizzled greyish, and there are traces of grizzling on the

fore limbs : these latter features, together with an indication of

grizzling on the thighs, being most pronounced among the five

examples from Lem Ngop, the western extremity of the series.

Again, two or three approach var. 1, " all over dark and very
intense red-bay," except that they have no " white spot on each
side of the base of the tail."

Measurements.—Ears of the series 19-23 mm. For other

measurements see table, p. 70.

I do not know from what locality Temminck 's Sciurus cinva-
moineus came, and we have also no details as to the provenance
of the animals on which Gray founded his species, beyond the
fact that their collector, Mouhot, tiavelled widely in Siam and
Cambodia ; but it appears to me that when the Red Squirrel is

fully known over the whole of its range it will be necessary

to recognif-e several geographical races: to all of which the
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opinion of Anflex"son [oj). cit. p. 245) with regard to ;S'. cinna-

7)wnieus will likewise apply, (. e., that they are only local forms

of S.fe7'rugineus.

Even in the present series, collected along a 50-mile stretch of

coast, there are indications of geographical vai'iation ; for the

eight specimens from the northern stations (Lem Ngop and
Ivlong Menao) most nearly resemble Gray's var. 3, while, with
the exception of three or four individuals like them, the eighteen

darker southern animals come nearer var. 2.

19. SCIURUS FERRUGINEUS FRANDSEM, Sllbsp. n.

Type. Adult male (skin and skull), No. 1502/C.B.K. B.M.
No. 15.11.4.85. Collected on Koh Chang Id., S.E. Siam, 12th
December, 1914.

Characters.—Like >S'. f. cinna^nomeus of the adjacent main-
land, but with chin, throat, sides of head, outer sides of fore and
hind limbs grizzled blackish or olive-brown.

Colour.—Top of head, upper part of body, and tail intense

shining red-bay, becoming moi'e fulvous towards the sides and
on the thighs and behind the ea.rs, the hairs black-tipped except

on the distal half of the tail, which is clear reddish chestnut,

somewhat bleached to fulvous a,t the extremity.

Muzzle, sides of head, chin, throat, shoulders, and sides of body
olive-brovk'n variably annulated with bulF-yellow, strongest on
throat and flanks ; the shoulders, outer sides of fore limbs and
thighs becoming black, finely annulated with bufi:'. Entire

under surface, except chin a.nd throat, rich tawny, this colour

extending to the fore feet and also to the hind feet, where it is

mingled with black. There is a faintly indicated grizzled line

down the centre of the chest and abdomen. Eai-s like the hind
feet, their bases posteriorly dull ochraceous bulFy.

Skull and Teeth.—As in the mainland race.

Measurements.—Type; Ear, 22 mm. Skull : basilar length,

44'4
; brain-case breadth, 20

;
proximal breadth of nasals, 4

;

distal breadth of nasals, 8. Ears of the series, 19^22 mm. For
other measurements see table, p. 70.

Sjjecimeus examined.—Sixteen, 9 males and 7 females, all from
the type-locality.

Remarks.—In some of these animals the extent of black on
the head is almost sufficient to form a black line between the

crown and the grizzled portion of the face, and the fore feet are

also partially black ; in others the under surface is somewhat
more orange than in the type.

The definition of Sciurus splendens var. 4, Gray (P. Z. S. 1861,

p. 137), applies to some extent, as does also Anderson's descrip-

tion (Zool. Res. pp. 245-6) of an example considered by him to

be S. siamensis Gray. The locality from which these latter two
specimens came is unknown and, though I am unaware that

Koh Chang has been previously visited by any naturalist, such
may have lieen the case. The characters of ^S'. /, frandseni are
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SO regular throughout in tlie series of sixteen as to render it an
extremely distinct race, even though, as recorded above, animals
from Lem Ngop (the nearest point of the mainland), having
indications of grizzling on the thighs, tend to connect it with
the more typical chinamomeus animal. It is named after

Captain H. 1j. Frandsen, R.N.R., Denmark, to whom I am
indebted for much assistance and interesting information while

in S.E. Siam.

20. SCIURUS ALBIVEXILDI, sp. n.

Type. Adult male (skin and skull). No. 1724/C.B.K. B.M.
No. '15.11.4.46. Collected on Koh Kut Id., S.E. Siam, 25th
December, 1914.

Chciracters and Colour.—Black throughout except the extremity
of the tail, which is white.

Skull and Teeth.—As in S. cinnamomeus.
Measurements.—Type : Ear, 20'5 mni. Skull : basilar length,

436 ; brain-case breadth, 25'2
;
proximal breadth of nasals, 7 ;

distal breadth of nasals, 4"4. Ears of the series, 19-21*5. For
other measurements see table, p. 70.

Specimens examined.—Twenty-three, 12 males and 11 females,

all from the type-locality.

Remarks.—-S. albivexilli is somewhat variable in respect of the
white tail-tip. In some animals the last 3 to 4 inches of the tail

are white, and there is a white ring close to the bases of the haii'S

for the distal three-fourths of the tail ; in othei's there are no
annulations, and the pale tip is reduced to a bunch of greyish

hairs at tlie extreme end.

Two other forms of Black Squirrel occur in Indo-China : S. nox
Wroughton (Ann. & Mag. Nat. Hist. ser. 8, vol. ii. p. 397, 1908),

in the neiglibourhood of Siracha, on the eastern shore of the
Inner Gulf near Bangkok, a,nd S. f/ermaini Milne-Edwards (Rev.

Zool. 1867, p. 193) on Pulo Condor, south-east coast of Cochin-

China t both are black thi-oughout, but the latter is much smaller

than the other. On distributional grounds it seems impossible

to treat them and the present form as local races of one species,

as there is no geographical coniiection, the mainland eveiy-

where in the vicinity of Koh Kut being occupied by the red

S. cinnamomeus.
The latter is, however, known to develop a white tail-tip, and

it is possible that through S.f. frandseni, with its black-tipped

upper pelage, blackish fore limbs and thighs, a connection may be

traced between the Koh Kut animal and S. cinnavwmeus. It is,

however, very slight.

21. Tamiops rodolphi M.-E.

Scit(,7-ios rodolphi Milne-Edwards, Rev. et Mag. de Zool. xix.

p. 227 (1867) ; id., Rech. Mamm. 1871, p. 162 ; de Pousargues,

Mission Pavie, Indo-Chine, Etudes Diverses, iii. p. 528 (1904).
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Scmrns macclellandi rodolphi Bonhote, Ann. & Mag. Nat. Hist,

ser. 7, vol. V. p. 54 (1900) ; id., P. Z. S. 1907, p. 10.

1 male, 1 female, from Lem Ngop, S.E. Siam.
I have not seen specimens of this squirrel from the type-

locality (Cochin-China), nor is Milne-Edwa.rds's description ac-

cessible to me, but Mr. Boilhote's remarks {loc. cit. supra) on
examples from Cochin-China and Annam appear to apply to the
individuals obtained in 8.E> Siam.

The dark stripes are all grizzled with broAvn, the median black

one being divided down the centre by a grizzled brown line, and
the four light dorsal sttipes ai-e of equal breadth and distinctness,,

as stated by Mr. Bonhote ; but while the outer two are cream-
coloured, the inner pair are bufF-yellow and show none of the

pink tinge noted by him. The undei-parts are bufi'-yellow, not

ferruginous, but this may be a matter of terms. The white tufts

of the ears are black at their bases.

Measurements-.—Ears, 13 mm. For other measurements see

table, p. 72.

Another form of Tamibps fotind in Siain is T. novemlineatus
(Miller), which inhabits the Malay Peninsula, certainly as far

north as the Isthmus of Kra. Bonhote (P. Z. S. 1901, i. p. 54) has
described, under the name kongensis, animals obtained at

Raheng and Nan, but these appear to differ from the Tenas-
serim barhei by just the same characters as does novemlineattis,

so that it is doubtful whether they are really distinct from the
latter.

22. MeneteS BEtiDMOREi MOUHOTii Gray.

Sciurus mouhotii Gray, P. Z. S-. 1861, p. 137.

Scmi'us pyrrhocejjhalus Milne-Edwards, Bev. Zool. xix. 1867,

p. 225 ; de Pousargues, Mission Pavie, Indo-Ohine, Etudes
Diverses, iii. p. 528 (1904)..

Ftmainbtdus herdmorei Flower, P. Z. S. 1900, p. 359.

Menetes berdmorei Gyldenstolpe, Arkiv for Zoologi, Band 8,

No. 23, p. 15 (1914).

Menetes herdmorei m^ouhoti Thomas-, Jonrn. Bombay Nat. Hist.

Soc. vol. xxiii. p. 23 (1914).

3 males, 3 females, Lem Ngop : 2 males, Klong Menao
;

3 males, 2 females, Klong Yai, S.E. Siam; 1 male, 4 females,
Ok Yam, Franco-Siamese Boundary.

I must confess that I find these specimens somewhat difficult

to place. The onl}^ material available to me for comparison
consists of four examples of M. herdmorei herdmorei from Mar-
taban and Moulmein (Cat. Mamm. Indian Mus. specimens a, b, c, d)

and a series of thirteen from Bandon, Peninsular Siam, which
are apparently conspecific with those [cf. Robinson & Kloss,
Journ. F. M. S. Museums, vol. v. p. 121, 1915), all of which are
clearly distinguishable from the present series by the conspicuous-
ness of the median dorsal and upper lateral blackish lines and
somewhat smaller size.
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Thomas, however, has recently reviewed the races of this

squirrel {loc. cii. sujyra) and, though one would, on geographical
grounds, place the present animals in the form tnouhotii, one can
also regard part of the series as of that subspecies as defined

by him and allot the remainder to his new race constdaris of

Northern vSiam. If we only knew the exact type-locality of

M. b. moioJiotii, given vaguely as Cambodia (Gray, loc. cit. supra)^

we should probably find that these S.E. Siamese animals are
geographically, as they are in appearance, intermediate between
the two.

Gray, who only had one specimen when describing tnouJwiii,

makes no mention of any dark stripes between the upper pale

ones, and consularis resembles his type in that respect. Thomas,
however, in extending the range of mouhotii from south of

Bangkok to Cochin-China, reports three inconspicuous black
stripes on the back between the upper pale ones as in herdmorei
herdmorei : mouhotii is white or whitish below, consularis

yellowish white. The series of 16 animals from S.I]. Siam have
backs ranging from thi-ee to no dark stripes and under surfaces

from white to yellowish white.

The individuals from Eastern Siato (Koi^at) referred by
Gyldenstolpe {loc. cit, supru) to M, herdmorei require further

examination.

Thus, exclusive of the two island races described below, the
following forms seem to inhabit our region : the true herd-

morei in Peninsular and perhaps Western Siam ; consularis in

Northern and perhaps Eastern Siam ; and mouhotii in South-
eastern Siam.

The species seems to increase in size from west to east ; the

three forms mentioned here are all lai'ger than those fi'om Burma
and the Malay Peninsula,, and M. h. onoerescens from Annam
(Thomas, loc. cit. supra) is believed to be larger also.

Measurevients.—Ears of the series, 18"5=-21 mm. For other

measurements see table, p. 7i.

23. Menetes berdmorei umbrosus, subsp. n.

Type. Adult female (skin and skull), No. 14J:9/C.B.K.

B.M. No. 15.11.4.97. Collected on Koh Chang Id., S.E. Siam,
8th December, 1914.

Diagnosis.—Like M. 6. m,ouhotii from the adjacent mainland,

but darker above ; the three upper dark stripes very faintly

indicated by a blackish wash, the upper pale stripe narrower and
a deeper buff, the lower also deeper in tint but less distinct,

approaching in colour the outer side of the thighs ; the sides of

the abdomen between the limbs also darker. Under surface

somewhat more deeply bufly. Tail more ochraceous, blacker and
much less hoary.

Skidl and Teeth.—As in the mainland animal.

Measurements.—Ears of the type, 20, of the series, 17*5^

20 mm. For other measurements see table, p. 71.

Proc. Zool.. Soc— 1916, No. IV. 4
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Spexlm''.ns ex'iiiuiiecL—8\x, 3 males and 3 females.

Hemark^.—There is extremely little variation in the series

from Koh Chang, which is easily separated on the above

characters from the mainland form. The dark dorsal stripes,

thoui^h obsolete, are indicated by an increase in the amount of

black' annulation, but are not so intense in colour as the area

between the lateral pale stripes.

24. Menetbs berdmorei rufescens, subsp. n.

Type. Adult female (skin and skull), No. 1740/C.B.K.

B.M. No. 15.11.4.93. Collected on Koh Kut Id., S.E. Siam,

26th December, 1914.
i,

• i.

Diagnosis.—Lighter and more rufous above than the neigh-

bouring continental form, dark dorsal stripes absent, dark lateral

stripe not deeper in colour than the back; upper pale stripe

a little less intense, the lower much less distinct ;
sides of body

bordering the abdomen considerably darker. Under surface

sliglitly richer buff. Tail darker and much less hoary.

,Skull and Teeth.—As in the mainland animal.

Measitrements.—'Ea.vs of the type, 17, of the series, 17-22 mm.

For other measurements see table, p. 71.

Specimens examined.—Nineteen, 11 males and 8 females.^

Remarks.—As in the series of 18 examples from the adjacent

mainland dealt with above, there is a certain amount of varia.tion

in the dorsal area of this race, some examples having the dark

Literal dorsal stripes present to a slight degree and the media,n

one just indicated : when this is the case the area between the

pale lateral stripes is proportionately darker also. The other

differences, however, are consistently maintained and the series

further includes the largest animals obtained in this region.

25. Epimys jerdoni marinus, subsp. n.

Type. Adult male (skin and skull), No. 1455/O.B.K. B.M.

No. 15.11.4.160. Collected on Koh Chang Id., S.E. Siam,

9th December, 1914.

Characters.—Resembles Epimys jerdoni hukit (Bonhote), but

with the white of the under parts hardly ever extending to the

foot, and tail rather shorter. Skull with smaller bullae, larger

palatal foramina, and broader interpterygoid space.

Coloitr. Above ochraceous tawny, much darkened or streaked

by the exposed tips of the numerous stiff spines which have

greenish horn-coloured bases. Base of fur grey. Below yellowish

white to the base of the hairs, extending over the fore limbs to

the hands, but not quite reaching the hind feet, which are white

with brownish centres. Tail bicoloured with a dark tip.

Skull and Teeth.—hike those of E. j. hukit, but with smaller

and more flattened bullae; broader interpterygoid space, the

outline of which is more angular owing to the straighter anterior

margin
;

palatal foramina larger, nearer the incisors, and the
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nasals slightly more projecting anteriorlj^. In all except the
first of these characters tlie skull more nearly resembles E. j. pan
Robinson &l Kloss, from Koh Samui Id. of the opposite side of

the Gulf, but differs in the bulla?, which in that race agree with
E. j. biikit.

Measarements.—Ear of type, 20 mm. For other measurements
see table, p. 72.

/Specimens examined.—Twenty-bwo from Koh Chang and
twenty-three from Koh Kut.

Remarks.—Besides externally closely resembling E. j, hukit,

this race is also very similar iu appearance to E. j. pan. While,
however, in the former the white of the under parts nearly
always reaches to the foot, in marinus it generally just fails to

do SO) and in the latter it always stops considerably short of the
ankle.

Although these rats were exceedingly common on the two
islands none was met with on the mainland, so that I have had
to compare them with animals from the Malay Peninsula, which
Bonhote states (Fasciculi Malayenses, Zoology, part 1, p. 27)
exactly agree with those of Siam : in which case E. lepidibs

Miller, founded on a single adult individual from Southern
Tetiasserim (an intermediate locality), is also px'obably an example
of E.j. hukit. The position of this latter with regard to the
ti-ue E. jerdoni (Blyth) of Sikkim is not fully known, but from
the few details recorded of Darjiling specimens (Thomas, P. Z. S.

1881, p. 538; Blanfoi-d, Faun. Brit. India, Mammals, p. 411),
it would appear that the typical animal is a smaller form having
ii tail actually, and so relatively much, longer than bukit (and
therefore still longer than marinus).

In my experience the jerdoni rat is by no means common in

the Malay Peninsula, and I failed to meet with it in S.E. Siam.
Of the small islands of these areas, E. j. pan had only recently

been discovered on Koh Samui, and I was therefore much
surprised to find a form occurring in great abundance on the

two larger islands of the Chantabun Archipelago, where it used
to come into my camp at twilight in seai^ch of food.

The Koh Kut animals seem to be a trifle smaller than those

of the type-locality, but apart from that I can detect no difi'erenee

whatever.

26. Epimys surifbr finis, subsp. n.

Type. Aged male (skin and skull), No. 1885/O.B.K. B.M.
Ko. 15.11.4.117. Collected at Klong Menao, S.E. Siam, 11th

January, 1915.

Characters.—Like Epimys siirifer Miller, from Peninsular Siam
(Trang), but duller ; white of under surface normally extending

to the ankle and over the bases of the vibrissee.

Colour,—Upper surface ochraceous tawny, clouded on the back
by the dark tips of the flattened spines. Under parts white,

extending to the hind feet and to the roots of the vibrissse, but
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not always to the liands. Tail averaging longer than head and
body, bicoloured with white tip. Hands and feet white.

Skull and Teeth.—Resemble those of the typical race and show
no characters which will consistently serve to distinguish them
from it.

Measurements.—Ear of type, 24-5 mm. For other measure-

ments see table, p. 73.

Specimens examined.—Twenty-six : 3 from Ok Yam, 5 from

Klong Yai, and 18 from Klong Menao.
Remarks.—The above series has been compared with a large

series of topotypes from Trang, Peninsular Siam, and also with

a number recently obtained in Bandon (about 100 miles to the

north of that locality), and distinctly differs as pointed out
;

though, as is always the case with two neighbouring continental

races, the extremes of the two series closely resemble each other.

The extension of the white area to the foot occui'S in the great

niMJoi-ity of examples from S.E. Siam, whereas in series from
Peninsular Sia.m the contrary is the case.

E'pimtjs surifer has only previously been recorded from Siani

by Gyldenstolpe (Arkiv for Zoologi, Band 8, No. 23, p. 16, 1914),

who obtained a single example on the Korat Plateau.

27. Epimys surifer changensis, subsp. n.

Type. Aged male (skin and skdl), No. 1492/C.B.Iv. B.M.
No. 15.11.4.142. Collected on Ivoh Chang Id., S.E. Siam, 11th

December, 1914.

Diagnosis.—Like E. s. finis, but with tail averaging shorter

than head and body, the dark speckle of the upper surface much
coarser and the white of the under parts more extensive ou
limbs, broadening, in some examples across the body and
spreading up the sides of the muzzle and over the upper side

of the foi'e limb.

Measurements.—Ear of type, 25 mm. For other measurements
see table, p. 73.

Specimens exainined.—Thirty-three from the type-locality.

Remarks.—The tendency in this race to develop a white fore

limb and a. short tail approximates it to E. s. inanicalis Robinson
& Kloss *, from Koh Pennan on the opposite side of the Gulf
of Siam, from which, Jiowever, it is cleai'ly distinguished by its

much duller upper colour.

28. Epimys surifer kutensis, subsp. n.

Type. Aged male (skin and skull). No. 1710/C.B.K. B.M.
No. 15.11.4.151. Collected on Koh Kut Id., S.E. Siam, 25th

December, 1914.

Diagnosis.—Like E. s. cha7i,gensis, but a trifle less tawny and
with less tendency for the white areas to increase (in this coming
iieai-er to the mainland form) ; anterior root of the zygomatic

* Ann. Mag. Nat. Hist. ser. 8, vol. xiii. p. 230 (1914).
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arch mucli narrower tlian in the two preceding races, this

diminution markedly increasing tlie size of the infraorbital

foramina, as seen from above.

Measurements.—Ear of type, 24 mm. For other measurements
see table, p. 73.

Speciriiens examined.—Twenty-nine from Koh Kut.

29. Epimys suriper pelagius, subsp. n.

Type. Adult male (skin and skull), No. 1659/C.B.K. B.M.
ISTo. 15.11.4.109. Collected on Koh Kang Id., S.E. Siam, 22nd
December, 1914.

Diagnosis.—Colour bright clay, diiller than the foi'egoing ra,ces,

and further diftering from the mainland animal in having the
tail shorter than the head and body, from E. s. changensis in

showing no tendency to extension of the white area, and from
E. s. kuiensis in the broader anterior zygomatic I'oot.

Measurements.—Ear of type, 25 nun. For other measurements
see table, p. 73.

Specimens examined.—Twenty-one, all from the type-locality.

30. Epimys surifer connectens, subsp. n.

Ty2)e. Adult female (skin and skull), No. 1613/C.B.K.
B.M. No. 15.11.4.135. Collected on Koh Mak Id., S.E. Siam,
19th December, 1914.

Diagnosis.—Clay-coloured above, closely resembling E. s. 2^ela-

gius, though with the white on the hind limb in some instances

a little i-educed towards the ankle. Skull with sliglitly broader
nasals and rostrum, and profile less curved. This latter character

is difficult to define, but if skulls are compared when resting on
their upper sides, connectens skulls will be seen to have the
anterior palate and incisors on a lower plane than those of

jjelagius ovfinis ; or if placed end to end the tips of the nasals

of the latter two always enter the nasal cavity of the other.

Zygomatic breadth is little greater, and palatal foramina aie

slightly larger.

Measurements.—Ear of type, 24 mm. For other measurements
see table, p. 74.

Specimens examined.—Twenty, all from the type-locality.

Remarks.—This race is somewhat intermediate between the
preceding and following forms, in that the continuation of

the white area to the foot is rather indistinct in several

examples, while in two specimens (an adult and a subadult
female) the under side of the fore limbs, a band across the chest,

and the lower part of the hind limbs are pale ochraceous tawny.

31. Epimys surifer eclipsis, subsp. n.

Type. Adult male (skin and skull). No. 1540/C.B.K. B.M.
No. 15.11.4.125. Collected on Koh Kra Id., S.E. Siam, IGth

December, 1914.

Characters.—Clay-coloured ; white of lower side much reduced
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in breadth, not veiy sharply margined, and not extending to the

limbs. Tail dark toith a white tip.

Colour.—A variable clay, the dorsal area everywhere much
darkened by the bistre tips of the spines ; this colour extending

over the whole of the limbs, across the chest in the form of a

broad gorget, the hairs of which have distinct grey bases, and
over the entire muzzle, which is rather browner. White of

under surface reduced to a comparatively narrow band running
from the axillae to groin, 25-30 mm, wide, and to an isolated

patch confined to the throat. Fore and hjnd feet pale. Tail

about the same length as head and body, dark for the basal

two-thirds or thpee-fourths, the tip white, not sharply defined

from the rest,

Skull and I'eei^.^-Generally resemble the mainland race, but

with the nasals broader postei'iorly, their outer margins
vStraighter; the palatal foramina distinctly larger, being both

longer and broader ; anterior zygomatic plate broader ; and the

zygomatic breadth a. little greater,

Mea&urements,—i]ar of type, 24'5 mm, For other measurements
see table, p. 74.

Specimens examined.—Nineteen from the tvpe-locality,

Remarks.—Its dull colour, redvTced white areas, and non-
bicoloured tail render this race of Epim,ys surifer the most
distinct known to me. All the Indo-Ohinese forms here

described are less brilliant in colour than any of the Malayan
races of the rajah-surifer group, and their tendency to dullness,

manifesting itself strongly in the island fornix, culminp-tes so

notably in the Koh Kra animal, that, with its other characters in

addition, one woiild readily accept it as a distinct species w^ere

it the inhabitant of a large land^mass and not of a little satellite

islet,

32, FppiY^ suRiFEjR ti;nebrosus, subsp, n,

Type, Adult male (skin and skull), No, 1586/C.B,K. B.M.
No, 15,11,4.121, Collected on Koh Klum, S.E. Siam, 18th
December, 1914.

Diagnosis.—Like E. s. ealipsis above, but rather more darkened
down the median line of the back. Below the white area rather

broader, but not to the extent of the more typical forms, and
extending a little way across the gi'oin on to the thigh. "Wrists

very pale, but separated from the chest ; white area of neck a little

larger, but confined to the throat. Gorget clearer in colour and
rather less distinct, the grey bases of the hairs not visible. Tail

shorter than head and body ; bicoloured with a white tip.

Skidl and Teeth,—Like those of E. s. eclipsis, but the palatal

foramina smaller, about the same length as the mainland form,

but broader; the interorbital breadth markedly greater than
either, and the anterior zygomatic root broader.

Measurements.—Ear of type, 24 mm. For other measurements
see table?, p, 74.
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Specimens examined.—Eight from the type-localit3\

Remarks.—This form is an intermediate stage between co7i-

nectens and eclipsis. The former in isolated individuals is

beginning to show the tendency towards increase in the yellow

areas, while in the present animal this, as well as the darker

coloration, is now well and constantly established. Both, how-

ever, still retain the normal bicolored tail.

It is interesting to note that in this small group of islands two

opposite types of deviation occur : in E. s. changensis and Jcutensis

the trend is towards an increase of the abdominal white area,

while in this race and E. s. eclipsis it is the dorsal colour that has

spread until it reaches a climax in the last form in conjunction

with extreme dullness of tint and blackened tail.

33. Epimys rattus, subsp.

Mus rattus Bonhote, P. Z. S. 1900, p. 194; id., op. cit. 1901,

vol. i. p. 56 ; Flower, op. cit. 1900, p. 3G1.
_

Mus raU'us rvfescens de Pousargues, Mission Pavie, Indo-

Chine, Etudes Diverses. iii. p. 528 (1904).

Epimys rufescens Gyldenstolpe, Arkiv for Zoologi, Stockholm,

Band 8, No. 23, p. 18 (1914).

I obtained at Ok Yam and Klong Yai a series of 13 rats, which

are apparently indistinguishable from the common Epimys raUus

of the Malay Peninsula, except that the white underparts more

frequently assume a light silvery shade. I have had no oppor-

tunity of comparing them with Epimys raUtts rohustulus (Blyth)

from Tenasserim, and therefore place them under the specific

name. The tail is longer than the head and body and slightly

paler below proximally ; the feet are whitish.

One female from Ok Yam (No. 1797) is abnormal in having

the tail slightly shorter than head and body and concoloured, the

feet dark ; the upper side blackish brown and the underparts of

a colour intermediate between mouse-grey and neutral-grey.

With these I would associate four examples from Koh
Chang Id.

From the two islands, Koh Mehsi East and West, series of 13

and 15 respectively were obtained. While showing much varia-

bility among themselves, all are apparently conspecitic with tlie

above. They range from melanotic individuals having backs

strongly suffused with blackish brown to others having that

surface of warm grizzled-brown, while underparts vary from

Avhite to grey.

This difference in colour is not a question of sex or age, for

though juveniles generally (not invariably) have greyish under-

sides, yet these are by no means of so dark a shade as the extremes

of the adults ; neither do the darker-backed individuals always

have darker underparts, though, again, this is generally the case.

The effect is to make the insular series much darker than the

mainland one, but as this character is apparently transitory, it

cannot be used for the purpose of differentiation.

Measurements.—See table, p. 75.
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34. Epimys rattus eangensis, sub.sp. n.

Type. Adult female (skin and skull), No. 1669/C.B.K.

B.M. No. 15.11.4.208. Collected on Koh Rang Id., 22nd
December, 1914.

Diagnosis.—Closely resembles the adjacent mainland noi^mal

foi'm of E. rattus, but with the pelage a little coarser. Skull

broader throughout—rostrum, palate, interpteiygoid space, basi-

occipital and zygomata—but with smaller palatal foi'amina, which

do not reach a line joining tlie anterior ends of the molar rows.

Nasals shorter and more trunca,te, so that when the skulls are

reversed and resting on their upper surfaces the ends of the

nasals are not visible from above.

Measurements.—Ear of type, 22 mm. For other measurements

see table, p. 75.

Specimens examined..—Six from the type-locality.

Remarks.—Though differing very little bodily from the main-

land animal, this race is easily separated from it on cranial

characters, the short nasals and blunt muz^gle being very

distinct.

35. Epimys rattus klumi;:^si9, subsp. n.

Type. Adult female (skin and skuU), No. 1596/C.B,K.

B.M. No, 15,11.4.207, Collected on Koh Klum Id., S.E. Siam,

18th December, 1914.

Diagnosis,— Size larger and pelage coarser than the previous

forms, with numerous long black piles on the rump. Colour

above grizzled-brown and buif, darkest on the riimp ; below

ivory-yellow, an indistinct greyish band along either side of the

abdomen, separating it from the colour of the upper parts. Feet

parti-coloured ; tail considerably longer than body, relatively

longer than any of the other local races,

Skull generally resembling that of the mainland animal, but
more robust and with the nasals much narrower posteriorly and
longer, prolonged well behind a line joining the anterior edges

of the orbits.

Measurements,—See table, p, 75.

Specimens examined.—Five from the typerlocality.

Remarks,—The larger size, relatively long tail, and long,

posterioi'ly narrower, nasals clearly distingviish this race from
either of the preceding particularly the latter with its short

square muzzle. It belongs, with the following forms, to the

section of the rattus group consisting of large animals heavily

sprinkled on the rump with long piles, and having large robust

skulls, which includes the similar races of Ej^imys pannostis and
mara Miller, E, ^eniotus Robinson & Kloss, and is largely of

insular habitat,

36. BpiMys RATTUS MAKENSis, subsp. n,

Tyi^e. Adult male (skin and skull), No, 1616/C.B.K. B.M,
No. 15.11.4.211. Collected m Koh Mak Id., S.E, Si^m, 19th

December, 1914,
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Diagnosis.—Closely resembles E. r. klumensis in colour, but
with the under surface generally slightly silvererl, especially in

immature individuals. Size slightly larger, but tail considerably
shorter. Nasals relatively rather narrower posterioi'ly, but skull

otherwise apparently not differiug from the mainland I'ace except
in greater size and robustness.

Measurements.—Ear of type, 23 mm. For other measurements
see table, p. 75,

S2)ecimens examined,—Fifteen from type-locality.

37. Epimys rattus kraensis, subsp. n.

T7/pe. Adult female (skin and skull), No. 1550/C.B.K.
B.M. No. 15.11.4.203. Collected in Koh Kra Id., S.E. Siam,
l(3th December, 1914,

Diagnosis.—The largest of the known local forms of JE. ratius,

but with tail relatively shorter than in E. s. khtmeiisis. Colour
like E. r. maJcensis, but the grey edges of the abdomen n)ore

intense and skull with broader rostrum and nasals : anterior

zygomatic roots lieavier : the zygomatic plate broader and more
convex, projecting fui'ther forwards ; the plate laterally com-
pressed and more vertical, resulting in a narrower infraorbital

foramen.

Measitrements.-^^ee table, p. 75.

Specimens examined.—Twenty-one from the type-locality.

38. Epimys griseiventer Bonhote.

Mils griseiventer Bonhote, Fasciculi Malayenses, Zoology,

Part 1, p. 30, pi, ii, fig. 3, and pi, iv. tig. 5 (1903).

A single example only of a I'at that a,ppeai'S referable to this

species was obtained on Koh Chang. As my camp was close to

a village, which is a port of call for steamers, it is quite possible

that the species has been introduced. The uniform upper surface,

smoky-grey underparts tinged with buff, dark feet, and black tail

distinguish it from forms of E. rattus.

Head and body 181 mm,, tail 212, hind foot 34, ear 22.

39. Epimys concolor Bonhote.

Mus concolor Bonhote, P. Z. S, 1900, p, 195 ; id,, op. cit. 1902,

vol. i. p. 39 ; Flower, op, cit. 1900, p. 361 ; de Pousargiies,

Mission Pavie, Indo-Chine, Etudes Diverses, iii. p. 528 (1904);
Gyldenstolpe, Arkiv fijr Zoologi, Stockholm, Band 8, No. 1, p. 18

(1914).

Numerous specimens of this little rat were brought to me by
the children of Klong Yai for the sake of a cent, or two, but all

were immature, and I only preserved five examples.

40. Epimys berdmorei magnus, subsp. n. (Text-fig. 1.)

Type. Adult female (skin and skull). No. 1890/C.B,K.
B.M, No, 15.11.4,157. Collected at Klong Menao, S.E. Siam,
12th January, 1915.
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Characters. ^K large form of Mus herdmorei, with smaller ears

and tail considerably shorter than head and body, bicoloured with

dark tip. Pelage of two elements :—slender, very flexible spines,

with light bases and dark brown tips, and soft under-fur with

neutral grey bases and dirty-white or drab tips. Mamma?
3-2 = 10.

Colour.—Genej'al colour of the upper pelage, which is harsh

but not stiff', clove-brown on the median dorsal area, lightening

to mouse-grey on the cheeks, sides, and limbs ; everywhere
grizzled with the pale tips of the under-fur, and on the sides

by the exposed pale portions of the spines a:lso. When dis-

turbed the neuti-al-gi'ey basal colour contrasts sharply with the

browner external tone. In certain lights a brilliant green sheen

is visible from nape to i-ump. Under surface of body and limbs

and the upper surface of the hands and feet white to the bases of

Text-figure 1,

Skull of Epii)ii/s herdmorei magnua.

the hairs ; the white area extends to the extremities and the

upper lip, but does not include the bases of the vibrissse. Ears

I'ounded and almost naked, a small white patch below the ear-

opening. Tail bicoloured, only the basal three-fourths white

beneath, the distal fourth entirely dark ; somewhat thickly clad

with short hairs, black on the dark, white on the white area, but

no pencil ; in the centre eleven rings of scutes to the centimetre.

Shull and Teeth.—I have been privileged to examine the skull

of Blyth's Mv,s herd^morei, all that I'emains of the type which

came from Mergui, Tenasserim ; it lacks the bullae and the

posterior half of the cranium, while the teeth are only just

beginning to show signs of wear. The Klong Menao individual,

while otherwise resembling it, is considerably larger with ap-

parently a relatively longer rostrum. The zygomatic plate is,

however, actually narrower, as is also the anterior root of the

zygoma, while the posterior root is more robust ; the fronto-
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parietal suture is less curved and the incisors rare paler, being
ivory-white with white tips, though they project iii the notable
manner of the type oi Mtos berdmovei\ while the molars are of

similar small size, and the rostrum is likewise elongated, with a
sti-aight or only slightly curved upper profile. No information
is available as to the bullfe of the latter, but those of E. h. magnus
are perhaps larger than are to be fonnd in any eastern rat of equal
size, being extremely dilated and kidney-shaped. Thomas, in the
account of the skulls seen by him (see below), does not mention
this very notable feature.

Measurements.—I give, in the form of a comparative table, the
measurements of the present animal, of the type of Mus herdmorei,
and such others as have been published of animals which have
been allocated to the species*.

Collector s External Measurements, in millimetres.
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Remarks.—The above measurements show the much greater

size of tlie eastern animal as compared with the western indi-

viduals, while the colour of the lattei', given by Thomas as " clear

slaty grey," is also very different from the brownish tone of the

other.

The type of Epimys herdmorei was described as being of about
a foot in length, of which the tail was not quite half; hind foot

1^ inches. Fur shortish, even, coarse and hispid, but not spinous,

of one quality only. Incisors white. Tail i-ather n)ore copiously

clad than usual with short hairs. The upper side, originally given

as grizzled-gi-ey, unmixed with rufous, was later stated by Blyth
(ojo. cit. xxxii. p. 343) to be dull brown, which is in close agree-

ment with the colour of the present animal.

The species is in no way related to E . ferreocanus Miller, of

Peninsular Sia,m.

41. ACANTHION KLOSSI ThoS. *

A single porcupine of the hengalensis type was obtained on the
mainland at Klong Yai.

It is remarkable how little information we have concei'uing

Hystrix hengalensis. There is Blyth "s original description *

founded, I am able to state (thanks to authorities of the

Indian Museum, Calcutta, who have lent me the type skull

for examination), on a half-grown individual with incomplete

dentition, supposed to come from the Sunderbunds. Thei'e is

Jerdon, in the ' Mammals of India," who borrowed from Bl3'th,

and there is Anderson, who, in his ' Zoological Researches,' when
treating of H. yunnanensis^ gives (passim) a few fresh details,

while Blanford, the latest author to deal with the species, had
no material for examination when writing for the ' Fauna of

British India,' and simply repeated Blyth's original description.

Beyond this unsatisfactory literatiu-e no other details of topo-

types seem available, and I am forced to supplement it by
measurements of a skull from the Karen Hills given by Thomas
in his paper on the Mammalia collected by Signer Fea in

Burma and Tenasserim f.

The present example, while generally agreeing externally with
descriptions of Acanthion hengalensis (Blyth), differs in the fol-

lowing respects :—The longest bristles of the crest are only 4 to

5 inches long, but are tipped with white for more than half their

length ; the white demi-collar is ill-defined on the middle of the
throat ; the quills are white with a dark band at their centres,

rather than white and black with a more or less defined white
tip, and the few long flexible quills are white throughout, lacking

any dark middle band. Blyth's description, however, is hardly

* Journal Asiatic Soc. Bengal, vol. xx. p. 170 (1851).

t Ann. Mus. Civ. Genova, ser. 2 a, x. (xxx.), p. 37 (1892).
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up to modern requirements for subspecific purposes, and is at

best that of a young animal only.

Measurements of the skull are as follows; those in parentheses

being of the Karen Hill animal referred to above :—Basal length,

1 19 (119) mm. ;
greatest breadth, 75'5 (68) ; mesial nasal length,

71 (64); anterior nasal breadth, 27 (29); posterior nasal breadth,

36 "5 (40); length of naso-premaxillary suture, 43 (39); length of

frontal suture, 31 (29) ; bregma to back of occipital crest, 42 (34)

;

diastema^ 36 (38); upper molar series, 31 (27); distance between
outer corners of the two infraorbital foramina, 57 (53) ; height

of nasion from centre of palate, 51 (51).

Thus the Siamese-Cambodian skull, while of the same length,

is broader than the other ; but the nasals are narrower through-

out^ though longer ; the tooth-row is longer, as is that portion of

the skull posterior to the bregma.
Other measurements that may be recorded are :—Median dorsal

length' of skull, 139 mm.; median nasal length, 71; median
frontal length, 31 ; median parietal length, 18. Collector's

external measurements:— Head and body, 835; tail, 115; hind

foot, 93 ; eat, 45*5.

Having regard to these difierences, together with geographical

derivation, S.E. Siam being more than a thousand miles distant

from the Sunderbunds, it seems possible that the eastern animal

may eventually prove distinct ; but until the mammal survey of

India, now much curtailed, has been actively resumed again, a.nd

topotypes of hengalensis are available, nothing can be done. For
the present, therefore, I content myself with the above i-emarks.

Pousargues, in Mission Pavie, Indo-Chine, Etudes Diverses, iii.

p. 533 (1904), states that H. hengalensis does not extend east-

ward beyond Burma., but Gryldenstolpe (Arkiv for Zoologi,

Band 8, No. 23, p. 20) has since recorded, under this name, a

porcupine obtained by him in ISTorthei-n Siam which appears to

be intermediate in cranial dimensions between Fea's Tenasserim

specimen and the present animal.

[At Mr. Kloss*s request I have examined this skull, and it is

referred to in my pnper on Acanthion Mossi, Ann. Mag. N. H.

(8) xvih p. 136, Jan. 1916.—0. Thomas.]

42. MUNTIACUS MUNTJAK) subsp.

An immature male, with the posterior molars not fully up,

Avas obtained on Koh Chang Id.

It is a very brightly coloured animal. Dorsal region and
upper side of tail fulvous-chestnut becoming ochraceous on the

under surface, limbs, base of ears, and sides of head. Forehead
and front of pedicels tawny, top of muzzle brown. On the nape
and the front of the lower limbs there is a scattering of blackish-

brown hairs, which are in excess near the hoofs, particularly on

the hind feet. A black line along the horn pedicels and the
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facial rib. Cliin and throat, inner side and posterior outer side

of ears, axillary region, lower abdomen, inner side of thighs,

under side of tail, back of lower fore limbs, and a small patch in

front of the digits of each foot, white. Head and body, 980 mm.

;

tail, 185; hind foot, 291; ear, 105; height at shoulder, 610.

(Skull, greatest length, 203; greatest breadth, 8L
The horns, which are not yet differentiated from the pedicels,

are tipped with velvet, and the distance in a straight line from
the tips to the base of the pedicels on the inner side is 146 mm.
The Barking Deer of Siam was described by CTray (P. Z. S.

1861, p. 139) from a skull with deformed antlers as Gervuhts

carvustylis. Recently Mr. R. Lydekker, whose death all

interested in game animals will much regret, has defined this

I'rtce in the ' British Museum Catalogue of Ungulates,' vol. iv., as

being of medium size (upper row of cheek-teeth 2^ inches),

general colour orange-tawny, fading to buflBsh on neck and
underpai'ts.

The present specimen is so young (milk premolars still in place)

that, lacking other material from Indo-China for comparison, I

have not applied any subspecific name for the present. The skull

is remarkable for the reduced size and marked definition of the

lachrymal pit, which is far smaller than any other which I have
had the opportunity of inspecting, the upper edge being very
sharp and the pit immediately Avithin and above this notably
concave. The vertical portion of the lachrymal is, further, much
reduced in heieht.

43-. Oervus unicolor, subsp,

Rusa peronii Gray, P. Z. S-. 1861, p-. 138(?}.

CerVillus cambojensis Gray, loc. cit. sUpra.

'Cervus unicolor Flower, P-. Z. S. 1900, p. 372.

Cervus aristotelis de Pousargues-, Mission Pavie, Indo-Chine,
Etudes Diverses, iii. p. 536 (1904).

Cervus unicolor equimos Gyldenstolpe, Arkiv for Zoologi,

Band 8, No. 23, p. 30 (1914)-.

A form of Sambhar is represented in my collection by an
immature female fi-om Klong Yai, S.E. Slam. Height at

shoulder, 760 mm.
The hairy frontlet and antlers of a deer collected by Mouhot

in Cambodia was described by Gray (P.Z. S. 1861, p. 138), who
then considered it to be a Muntjac, as Cervulus cambojensis, but
was lateif identified by him as Mucermos schomburgki ! (Brit. Mus.
Cat. Ruminants, p. 76 (1872); Brit. Mus. Hand-list Ruminants,
p. 145 (1873)). Lydekker, however, regards this specimen as

belonging to Cervus u7ucolof (Bi-it-. Mus^ Cat. Ungulates, vol. iv.

p. 79 (1915)), and if he is correct, and the Indo Chinese Sambhar
prove to be distinct., it will ha^'e to be known as C. u, cambojensis

Gray.
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44. Tragulus kaxchil affinis Gray.

2Vagulus afinis Gray, P.Z. S. 1861, p. 138.

Tragulus javaniens Flower, P. Z. S. 1900^ p. 374.

Tragalus kanchil pierrei Bonliotej Ann. & Mag. Nat. Hist.

ser. 7- voh xi. p. 293 (1903); Lydekker^ Biit. Mus. Cat,

Ungulates, vol. iV. p. 291 (1915).

Tragulus kanchil de Pousargues, Mission Pavie, Indo-Cliine,

Etudes Diverses, iii. p. 535 (1904).

Trac/'ulus kanchil afinis Bonhote, P. Z. S. 1907, p. 11 ; Gylden-

stolpe," Arkiv forZoologi, Band 8, No. 23, p. 29 (1914) ; Lydekker
(partim).

A single female, with very worn teeth, from Ok Yam, Franco-

Siamese Boundary-.

This race is differentiated from that of the Malay Peninsula

by the absence of any bladkish nape-stripe ; otherwise the colora-

tion of the two is similar. The bony orbit appears to be a trifle

lai'ger;

jyleasuremenis.—Head and body, 438 mm^; tail, 70; hind

foot, 110; ear, 35-5; Skull: greatest length, 89'5
;

greatest

breadth, 43i

This form was first erected by Gray (P. Z. S. 1861, p. 138)

iipon material consisting of seven specimens from Cambodia,

collected by Mouhot. In the cotirsfe of his description, he states

tliat "a specimen of the species has been in the Museutn as above

named for many years : it is said to have come from Singapore

;

but that probably Avas only the port of transit." This remark
can hardly be regarded as the citation of the type, so that the

name affinis must be confined to the Indo-Chinese form, for it

was further a nomen nildMni initil rendered available for use

through being applied with description to the Cambodian
animals specified therein.

In 1903, Ml- Bonhote (Ann. & Mag. Nat. Hist.) took the vieAv

that affinis should be referred to the Malayan aliimal with the

specimen of dubious provenance for type, and redescribed a

Cochin-Chinese example under the naine T. k. pierrei. Latei-,

howevef (P. Z. S. 1907, J). 11), he found reason to change his

opinion, and accepted the name of affinis fot- the Indo-Chinese

form

.

Even the strict systematist, Who holds that the first locality

cited is that of the type-specimen, must, I think, accept this

view, for the title of the paper in which this species is dealt

with is "List of Mammals, etCi, collected in Cambodia" and,

unless otherwise specially excepted in the text, this locality has

priority.

In the Brit. Mus. Cat; Ungulates, vol. iv., Lydekker appears

to have overlooked the aboVe factSi The unfoi-tunate term
" Lowef Siam," applied by several describers of species to the

northern half of the Malay Peninsula, i. e., Peninsular Siam, has

been the cause of mueh confusion to othei-s who do not use their
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atlases sufficiently*. Thus, Siracha in S.E. Siam, about 40 miles
S.E. of Bangkok, is regarded by Lydekker as practically the type-
hjcality of T. ravus Miller (= T. h. ajjinis of Lydekker), which
came from Trang in Peninsular Siam, about 400 miles south of
Bangkok. The outcome is that T. k. ccfflnis is given a distribu-
tion from Pahang, Malay States, north to Moulmein in Tenas-
serim, and thence east to Annam, while T. k. pierrei Bonhote
(= T. k. affinis Gray), which name is accepted by Lydekker, is

supposed to extend from Lower Cochin-Ohina west to Siam,
thus making two subspecies of the same species exist side by
side

;
whereas inter se ravus and affinis are two well-defined

forms, the one spreading from the middle of the Malay Peninsula
and the other from Cambodia, the line where they intergrade
being still not clearly known.

In similar fashion Lydekker extends T. javaniciis napu F. Cuv.,
of Sumatra, up the Malay Peninsula, from Selangor to Southern
Tenasserim, and at the same time places in an intermediate
position, Trang ranging southward, T. j. canescens Miller.

While it is highly probable that the latter name will have to

be regarded as synonym of the other, yet while the subspecies
are excepted the allocation of specimens to them results in an
impossible distribution.

45. Sus CRisTATUS, subsp.

Sus (?) Gray, P. Z. S. 1861, p. 139.

Sus cristatus de Pousargnes, Mission Pavie, Indo-Chine,
Etudes Diverses, iii. p. 535 (1904).

An immature female, with posterior molars not up and one
milk-incisor still present, was shot on Koh Chang Id.

The stronglj^-marked crest is tipped throughout with light

isabelline, and there is a patch of clearly defined white bristles

at the angles of the mouth, a number are scattered over the
lower abdomen and in fewer quantity on the throat and chest.

The prevailing colour is black, clear on the cheeks and shoulders,
fore and lower hind limbs; but the forehead, sides, and thighs
are annuiated with buffy and white. The greater part of the
inner surface of the ears is covered with white hairs, and the
fringe along the edge is very short.

* To avoid similai' confusion in futui'e, I suggest tlie use of the following divisions
for Siam ;

—

(i.) Northern Siam : the mountainous countrj' north of the Thoungj'in River-
mouth and the great bend of the Mekawng (about Lat. 18° N.)

(ii.) Central Siam : the great plain, south of (i.), watered bj'the Menam and its

tributaries and by the Baugpakong and the lower Mekawng and Petcha-
buri Rivers,

(iii.) Western Siam : the hill country between the Menam plain and the
Tenasserim Boundary, south to about Lat. 12° N.

(iv.) Peninsular Siam : the Malay Peninsula south of (iii.) to the Protected
Malay States,

(v.) Eastern Siam : the " Korat Plateau " east of (ii.), drained by the tributaries
of the Mekawng.

(vi.) South-eastern Siam : the coastal country south of the Baugpakong basin
and the Battambong-Cambodian frontier, drained by streams running
into the Gulf.

(For fuller details see Journ. Nat. Hist. Soe. Siam, vol. i. jiart 4, 1915.)
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The skull is remarkable for the antero-posterior length of the

bullae, which in this dimension are larger than those of full-

grown animals from Peninsular Siam and about twice the length
of those of Sus jubattolus, a small race occurring on Terutau
Island, off the west coast of that region and occupying a position

with regard to it very similar to that of Koh Chang in respect of

S.E. Siam. It is possible therefore that, when better material is

available, this pig may prove to be a representative of a local race.

Though Blyth, in 1875 (Cat. Mamm. & Birds of Burma, p. 43),

drew attention to differences in the Tenasserim animals, the
common wild pigs throughout Eastern Asia were all regarded
as typical cristatus until Miller separated the Peninsular Siamese
and Tenasserim animal under the name of S'.juhatus (Proc. U.S.
Nat. Mus. XXX. p. 745, 1906), and it is this, or some allied form,

that occurs in Southern Indo-China.
Head and body, 1110 mm. ; tail, 190 ; height at shoulder, 610.

Skull : greatest median length. 265
;

greatest breadth, 116 ;

antero-posterior length of bullae, 26.

46. Orcella brevirostris (Owen). (Text-fig. 2.)

Orcella brevirostris de Pousargues, Mission Pavie, Indo-Chine,

Etudes Diverses, iii. p. 546 (1904).

Text-fio'ure 2.

Photograph of Porpoise (Orcella brevirostris) at Klong Yiii, S.E. Siam.

A male example of this cetacean was brought to me by fisher--

men at Klong Yai on 6th December, 1914, but my preservatives

being then neaidy exhausted I only kept the skidl.

Except that it had the profile of the head considerably less

Proc. Zool. Soc.— 1916, Ko. Y. 5
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swollen and convex, while the anterior edge of the pectoral fins

was more curved and a neck more evident, it closely resembled
the figure given by Anderson (Zool. Res. pi. xxv. fig. 4).

Colour slaty-leaden throughout; greatest length, 3660 mm.
(7 ft.).

Skull : greatest length (condylo-basal), 286 mm. ; basal length,

260; palatal length, 141
;
greatest breadth, 202; rostral breadth,

77. Length of mandible, 225. The skull is asymmetrical, par-
ticularly in the region of the nasal openings ; but asymmetry
seems to be the rule with this species.

^ ,
R.16 L.15 ,

leeth, Ti Ti^ J TO ' all are worn down to mei^e flattened stumps

and there are no signs of pi'emaxillary teeth.

De Pousargues {loc. cit. supra) records a specimen from the
Mekong River.

This species is very common along the Chantabun coast.

While sailing from Klong Yai to Klong Menao we saw, late

in the afternoon of December 7th, numbers of white cetaceans

between ourselves and the shore. They presented a most bril-

liant appearance with the low sun shining on them, but none
came sufficiently near for details to be observed. They were,

however, of large size, as big as the present species, and I imagine
them to have been examples of Sotalia sinensis Flower.

EXPLANATION OF THE PLATE.

Map of the coast and islands of Soutli-East Siani) showing the places at which

collections were made by Mr. C. Boden Kloss.
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3. Report on the Deaths which occurred in the Zoolooical

Gardens during 1915, together with a List o£ the Blood-

Parasites found during the Year. By H. G. Plimmer,

F.R.S., F.Z.S,, Professor of Comparative Pathology

in the Imperial College of Science and Technology,

London, and Pathologist to the Society.
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Blood-Parasites S'l

On January 1st, 1915, there were 733 iTiammals, 2073 birds,

and 371 reptiles in the Zoological Gardens ; and dui'ing the year
280 mammals, 1167 birds, and 237 reptiles were admitted, makin'T^

a total for the year of 1013 mammals, 3240 birds, and 608 reptiles.

During 1915, 280 mammals, 706 birds, and 179 reptiles have
died: that is, a percentage of 27-6 for mammals, 21-7 for birds,

and 29-4 for reptiles.

Out of the total deaths for the year, 1165 in all, 378 occurred
in animals which had not been six months in the Gardens : that
is, about one-third of the total number. It has been found that
after six months' residence in the Gardens the death-rate of the
animals falls rapidly ; so it is assumed that by this time the
new arrivals have got over their journeys, or have died from any
diseases they may have brought with them, or have got quite
used to their new environment. Of these 378 animals 90 were
mammals, 200 were birds, and 88 were reptiles ; and if these
be deducted from their respective totals, the death-rate per-
centage will come out as 18'6 for mammals, 15'6 for birds, and
14'9 for reptiles.

The following Tables show in outline the facts which have been
ascertained. Table I. summarizes the actual causes of death in the
three groups specified. Under Reptiles are included Amphibia.

Table I.—Analysis of the Causes of Death.

Diseases.
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Table I.—Analysis of the Causes of Death [continued).

Diseases.

1. Microhic or Parasitic

Diseases (cont.).

Cystitis

Hsemogregarinosis
Coccidiosis

Saccbaromj'cosis

Toxoplasmosis
Syngamus

2. Diseases of Jiespiratory

Organs.
Atelectasis

Bronchitis

Congestion of lungs
Bronclio-pneumonia

3. Diseases of the Heart.
Pericarditis

Degeneration of lieart-muscle

4. Diseases of the Diver.

Hepatitis

Cirrhosis

Fatty degeneration

5. Diseases of the Alimentary
Tract.

Gastritis

Gastric ulceration

Gastro-enteritis

Enteritis

Intestinal obstruction

Intussusception

6. Diseases of Urinary and
Generative Organs.

Nephritis
Cystitis

Salpingitis

Retained placenta

Atrophy of uterus

7. Various.
Carcinoma
Sarcoma
Adenoma
Angioma
Chloroform poisoning
Osteomalacia
Injuries discovered post - \
. mortem )

Mammals

1

10
13
34

1

4
11

25
2
4

40
1

i

1

2
3

1

1

1

Birds.

130

1

150
1

81

Reptiles

11

Reference
to Notes
following.

10

11

12

13

14

15
16

Besides those tabulated above,

38 mammals, 113 birds, 4 reptiles, were killed by order or

by companions,

1 ,,
6 ,, 51 ,, died from malnutrition

or starvation,

4 3,
31 „ 41 ,, were too decomposed

for examination.



DEATHS IX THE SOCIETY'S GARDENS. 79

In Table I. an analysis is made of the immediate causes of
death, but in nearly every case the animals were found to be
suffering from other lesions as well. Table II. summarizes these
other diseases from which the animals were suffering

; and if

this Table be taken in conjunction with Table I., a much more
accurate estimate of the amount of disease in the Gardens will be
arrived at.

Table II.—Secondary Diseases found in the animals tabulated
in Table I.

Diseases.

Tuberculosis

Mj'cosis

Pneumonia
Pericarditis

Peritonitis

Abscess
Pyorrhoea
Hydatids
Worms
Malaria
Pilaria

Leucocytozoa
Scabies

Suppuration
Necrosis
Amoebic infection

Haemogregarines

Mammals.

Bronchitis
Broncho-pneumonia
Congestion of lungs

QCdema of lungs
Hydrothorax
Dilated heart

Atheroma
Aneurism
Pericarditis

Degeneration of heart-muscle

Hydropericardium
Hepatitis

Fatty degeneration of liver . .

.

Cirrhosis

Gastritis

Gastric ulceration

Gastro-enteritis

Enteritis

Intussusception ,

.

Ato!iy of intestine

Nephritis

Stone
Pregnancy
Salpingitis

Sarcoma
Ascites

Hsemorrhage
Spinal curvatui-e

Rickets
Osteomalacia
Injuries :.

.

23
1

1

2

5
2

17
5

2
14
5

41
2
1

43
1

1

"l

3
1

1

Birds.

13
2

157
134

11

6
45
1

109

81

Reptiles.

4
17

2
12

Reference
to Notes
following.

17
18
19

20
21

22

23

24

25

26

27
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Table III. sliows, in still furfcher detail, tlie distribution of

the immediate causes of death amongst the various orders of

mammals.

Table III.—The Distribution of Diseases causing Death
amongst the principal Orders of Mammals.

Diseases.

^ s

„"^
I

cS

Tuberculosis 2
Mj'cosis I

Piieumouia
|

16
Empyema 1

Peritonitis

Septicijemia

P^'elitis

Bronchiectasis

Coccidiosis ,

Cystitis

Bronchitis 8
Broncho-pneumonia 15

Congestion of lungs
j

5
Atelectasis

|

Cirrhosis of liver '

Gastritis I 1

Gastric ulceration 3

Gastro-enteritis i 2

Enteritis 10

Intussusception
!

2

Intestinal obstruction
;

Nephritis
j

2

Cystitis
j

Atrophy of uterus

Retained placenta 1 1

Sarcoma
1

Cai'cinoma
|

Adenoma 1

Angioma

1

1

17

1

1

3

The following, Table IV., shows the number of Deaths from

the numerically important Diseases for the last four ye;i.rs : the

total number of animals of each class is placed above, so that a

proper comparison can be made.
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Table IV.

Mammials.

81

Year

Total number of mammals ....

1912. 1913. 1914.
1391 1272 1261

1915.

1013

Tuberculosis
Mycosis
Pneumonia
Bronchitis

Broncho-pneumonia
Congestion of lungs
Gastro-enteritis

Enteritis

Nephritis

14
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and a Baboon were both pet animals, but neither of them was
allowed oiit of quarantine, which is the best way of keeping fresh

infections out of the Gardens. The birds show a remarkable
reduction of deaths from tubercle of neai'ly 50 per cent. ; and, if

the overcrowding of many of the bird-houses could be done away
with, there does not seem any reason why there should not be a
still further improvement. The greater number of the cases

have been amongst the Gallinaceous birds, but this year a
Flamingo succumbed to tubercle, for the first time since records
have been kept. In only 19 of the birds were the lesions gene-
ralized, which is a much smaller percentage than usual, and
indicates a less severe type of the disease. The 2 cases in the
Reptile-houses make the smallest number since records were
kept : there seems no reason why it should not be completely
driven out. One of these cases was in a Crocodile, in which it

was general ; this is the first recorded case in this particular
aninaal.

3. All the mould diseases are grouped under Mycosis. 6 of

the mammals were Kangaroos and the disease was of the ordinary
type ; it occurred in a Deer and a Squirrel, for the first time,
forming tumours in both—the moulds in each of these two cases
were of a species new to the Gardens. There is a very great
reduction in the number of cases occurring in birds, of considerably
over 50 per cent. A Duck 14 days old was filled with growth
of the organism, and, in a Pheasant, mycetomata (mycotic
tumours) occurred in the lungs, which is very unusual in birds.

Amongst the reptiles a Ceratophrys and an Anaconda died from
mycetomata, and a Ceratodus, which had been many years in the
Gardens, died from a mould disease of the skin, similar to that
from which several of the larger toads and frogs have died.

4. There is a more than relatiA^e decrease in the number of
cases of pneumonia, especially among the birds and reptiles. In
the mammals it seems to be particularly associated with pyorrhoea
and rickets. In two of the reptiles it was due to worm eggs and
embryos, in the rest it was pneumococcal.

6. The septicsemias were due to dii'ty wounds in 3 cases, to
pneumococci in 2 cases, and to an abscess in the antrum in
1 case.

6. Due to worm-cysts in a Squirrel, and in both of the birds
due to injury, from, in the one case a nail, and in the other a
thorn.

7. This occurred in a Deer, associated with putrid bronchitis,
and was of the sacculated variety. It is the only case I have
seen in an animal.

8. This was an acute hfemorrhagic cystitis in a Wolf, due to
infection with Bacillus colt.

9. In a Cobra in which over 60 per cent, of the erythrocytes
were infected.

10. Due to a rare parasite whose position is still uncertain,
and found here in a reptile for the first time.
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11. There has been relatively a slight general increase in these
diseases of the respiratory organs. They are, of course, largely

dependent upon weather.

12. Thei'e has been a slight decrease in the inflammatory affec-

tions of the alimentary tract. In 3 of the mammals and 50 of

the birds it was hasmorrhagic, and in 1 of the reptiles it was
caused by worms. The remainder of the cases were apparently
due to the quantity or quality of the food not being suitable to
the aiiimal.

13. There has been relatively a considerable decrease in the
number of cases of nephritis in the mammals and birds. 24 of

the cases in mammals and 7 of those in birds were acute. The
remainder were chronic cases, of varying degrees, a number of

which were associated with other old-age changes. About 100
of the deaths have been due to old age, or to the artificial old age
induced by captivity.

14. In a Kiang which died after delivery : the wall of the
uterus measured only one-sixteenth of an inch in thickness.

15. One of these cases was in a Wolf whose son died of the
same disease, in the same position, in Julj' 1914.

16. Two of these cases were in Deer, one in the nose and the
other in the liver and intestine ; the third was a lymphosarcoma
of the mediastinal glands in a Hamster.

17. Under the tex-m malaria are grouped 1 case due to Plas-

modiu'in kochi, 7 cases due to Hceino2)roteus danileiDsk?/i, and 1 due
to Plasmodium prcecox : see also section on blood-parasites below.

18. 19, 21. See sections on blood-parasites below.

20. The blood of 3 Viperine Snakes contained a number of

large amoebfe, probably from the intestine ; they were also found
in numbers in the liver of a Mocassin Snake (comparable with
the flagellated organisms found in the blood of reptiles and
described in my Reports of 1912 and 1913, and in a paj^er on
Blood-parasites found in the Gardens during the years 1908-
1911: luVZdP. Z. S. 1912, pp. 235, 406; 1913, p. 141 ; and 1914,

p. 181).

23. Of the aorta in a Seal and a Coati.

23. The large number of cases of fatty degeneration and
infiltration of the liver is probably due to too rich food and
insufficient exercise. The greater number of the birds are the
small, highly coloured birds from the Small Bird-house, whose
food-capacity is enormous.

24. By far the greater number of cases of gastric ulceration

occur in the Primates, generally in connection with diseases of

the kidneys or lungs.

25. In an Ibex with very considerable fsecal accumulation and
symptoms of autointoxication.

26. Both kidneys of a Wallaby were filled with small stones :

none in the bladder.

27. This was a small sarcomatous growth in the kidnev of a
Coypu Rat, probably arising from an adrenal inclusion.
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Blood-Parasites .

During the year the blood of every animal that died has been
examined, with the result that parasites have been found in 46
cases, in 24 species for the first time.

They have been distributed as follows :

—

Filarice. In 2 mammals ; in 1 species for the first time.

In 6 birds ; in 4 species for the first time.

In 1 reptile for the first time.

Trypanosomes. In 2 reptiles.

C Plasmodium kochi. In 1 mammal for the first

j

time.

ju- 1 • J Hcemoproteus danilewskyi. In 7 birds ; in 3 species
"^

for the first time.

Plasmodium prcecox. In 1 bird for the first

time.

Leucocytozoa. In 3 birds ; in all for the first time.

Toxojylasma. In 1 reptile for the fii-st time.

Haimogregarines. In 1 7 I'eptiles ; in 7 species for the first

time.

Intestinal organisms. In 5 reptiles ; in 2 species for the first

time.

The following list gives particulars of the blood-parasites in

detail :

—

Embryo Filarice found in the blood of Mammials.

Habitat. Type.

Lion Marmoset {Leontocebus rosalia) ... Brazil. Very long.

Found in thefollowingfor thefirst time :

WooWy'Koxike.Y {Lagothrix infumata)... S.America. Long.

Embryo Filarimfound in the blood of Birds.

Chilian Starling [Curceus aterrimus) ... Chili.

Found in thefollowingfor thefirst time :

White-eyebrowed Wood-Swallow {Arta- N.S. Wales. Long, thick.

mus superciliosus).

3 Red Birds of Paradise {Paradisea Waigiou Island. Short, stout ; 2 of the

rtibra). birds contained also

iilariae of long thin

type.

Military Starling (Trupialis militaris) . Chili. Long, thin.

Embryo Filaricefound in the blood of .a Reptile : for
the first time.

y^oM-'Siwake {Coluher Icetus) N.America. Long, thin.

Trypanosomesfound in the blood of Reptiles.

2 Edible Frogs (Ea?ta escM^ewto) Europe. T. rotatorimni^'^G.
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Plasmodium kochifound in the blood of the following Mammal
for the first time.

Habitat.

Mangabey {Cercocebus (SiJiiopictis) S. Nigeria.

Hsemoproteus danilewskyi found in the blood of Birds.

Indian Dial Bird {CopsT/chus satilaris) India.

Black-throated Lorikeet [Tric'lioglossus nigrogenis) Tasmania.

2 Brown-necked Parrots {PoeocepJialiis fiiscicollis) Gambia.

Found in the followingfor thefirst time :

Yellow-fronted Barbet {Cyanopsflavifrons)

Larger Hill-Mynah {Gracula intermedia)

Red Bird of Paradise {Paradisea rubra)

Ceylon.

N. India.

Waigiou Island.

Plasmodium prsecox/owwcZ in the blood of the following Bird
for the first time.

American Robin {Turdus migratorius) N. America.

Leucocytozoa found in the blood of the folloiving Birds

for the first time.

White-eyebrowed Wood-Swallow {Artamus superciliosus) ... N.S. Wales.

Nonpareil Fincli {Cyanospiza ciris) N. America.

Alario Fincli (Alario alario) ;. S. Africa.

Toxoplasmafound in the blood of the folloiving Re^ptile

for the first time.

Say's Snake {Coluber melanoleucus) Mexico.

Hcemiogregarinesfound in the blood of Reptiles.

Indian P3'tlion (Python molurus)

2 Indian Cobras {Naia tripudians)

Hog-nosed Snake {Heterodon platyrhinos)

Blood-stained Terrapin {Cinosternum cruentatum)

^sculapian Snake {Coluber longissimus)

Common Boa {Boa constrictor)

Banded-tailed Tree-Snake {Leptophis liocercus) ..

Anaconda {JSunectes marinus)

Cooke's Tree-Boa {Coralliis cooJcii)

Found in thefollowingfor thefirst time :

Habitat.
'WoM^ntikQ {Coluber IcBtus) N.America.

Pennsylvanian Mud-Terrapin {Cinoster- N. America.

ntmi pennsylvanicum).

Black-collared Cobra {Naia nigricollis)

.

W. Africa.

2 West African Sand-Snakes {Psammo- W. Africa.

phis elegans).

West African Trionyx {Trionyx triungiiis) W. Africa.

Rufescent Snake {Leptodira hotamboeia). W. Africa.

Shielded 'Eryx {Fryx thebaicus) Gold Coast.

India.

India.

N. America.

N. America.

Europe.

S. America.

S. America.

S. America.

Trinidad.

Type.

Cells enlarged and de-

hsemoglobinised.

Stout.

Long.

Cells enlarged and de-

hasmoglobinised.

Stout.

Very small, like Lan-

kestrella.

Long, irregular : cells

dehfemofflobinised.
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Intestinal Organisms found in the blood of Beptiles.

Habitat. Type.

Carolina Box-Tortoise (Cisi5«(tZoMroZ«wa). N. America. Hexamitus.

Fotmd in thefolloivingfor tliefirst time :

3 Viperine Snakes {Tropidonotus Europe. Amcebfe.

viperiniis).

Mocassin Bn&ke (TropidonotiisfasciatMs) N. America. Amoebre.

Addendum to Bejwrt on the Deaths for 1914, published

ill FroG. Zool. iSoc, March 1915.

Owing to the wrong figures having been sent to me from the

Office, the figures in paragraphs 1 unci 2 of the 1914 Report,

p. 123, and in paragraphs 1 and 2 of the Notes, p. 126, are

incorrect : these paragraphs should read as follows :

—

Paragraphs 1 and 2, p. 123.

On January 1st, 1914, there were 788 mammals, 2436 birds,

and 575 reptiles in the Zoological Gardens ; and during the year

373 mammals, 1174 birds, and 470 reptiles were admitted, making
a total for the year of 1261 mammals, 3610 birds, and 1045

reptiles.

During 1914, 309 mammals, 867 birds, and 301 reptiles have

died : that is, a percentage of 24-6 for mammals, 24 for birds,

and 28-8 for reptiles Of these 719 animals, 141 were
mammals, 375 were birds, and 203 were reptiles ; and if these

be deducted from their respective totals, the death-rate percentage

will come out as 13*3 for mammals, 13"6 for birds, and 9'3 for

reptiles.

Paragraphs 1 and 2 of Notes on the foregoing Tables, p. 126,

will read as follows :

—

1. The total incidence of infectious diseases in the Gardens is

about 7"5 per cent, for mammals, 9 per cent, for birds, and 8*1

per cent, for reptiles.

2. The following are the percentages of deaths from tubercle

during the year: mammals '9 per cent., bir-ds 3'1 per cent., and
reptiles "38 per cent, on the total numbers for the year, etc., etc.
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4. A Frog with symmetrically Abnormal Hind Feet. By
R. W. Harold Row, B.Sc, F.L.S., F.Z.S., Assistant

Lecturer and Demonstrator in Zoology, University of

London, King's College.

[Received and Read November 23, 1915.]

(Text-fignre 1.)

Among tlie specimens used for the teaching of elementary
zoology at this College, there was recently foxmd an example of

the Common Frog [Rana temporaria) in which both the hind
feet showed a curious and interesting variation. A photograph
of the external appearance of the two hind feet is given
(text-fig. 1, A), which clearly shows that on neither foot do five

functional digits exist ; though in both cases a small calcar, or

pre-hallux, as it is often called, is present in its normal position

in addition to four well-developed and normal toes.

The fact that certain of the toes always present definite

characteristics which enable them to be indubitably identified,

quite apart from their actual numerical position in the series,

renders it quite easy to determine the identity of the digits still

present in the four-toed specimen. Of these characteristics the
most obvious distinguishes the fourth toe, which is not only
longer than any of. the others, but also always possesses four

phalanges, which is one more than the number present in any
other digit. In the specimen u.nder discussion four phalanges
can be distinguished on one toe on each hind foot, so that this toe

is thus marked out as the fourth of the original series, and from
this it can be immediately determined that the missing digit is in

each case the first. This identification of the digits is shown on
the photogi'aph.

In view of the possibility, howes^er unlikely, that .symmetrical

mutilation of both hind feet might have occurred, one foot, the

left, has been completely dissected, and the dij^section has shown
that the abnormality cannot be due to injury, for the first digit is

unrepresented by any tissue whatever.

During the dissection great care was exercised to determine
whether the muscles of the hallux were represented, and no trace

whatever of them was found, either in the form of small muscle-

masses or of fragments of muscular tissue or tendons, such as

would inevitably be left had the toe been bitten oft" or otherwise

ampvitated. The musculature of digit II (and of all the other

digits) was perfectly normal, and showed no signs of the inclusion

of muscles really belonging to digit I. Specially important is

the fact that fi'om the aponeurosis plantaris only four tendiiies

superjiciales arise, the one normally associated witli the first digit

being totally absent. There is also no trace of any of the bones
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of the hallux in the skeleton of the foot, nor any gap between
the calcar and digit II from which the hallux might have been
removed, and these facts taken together do away completely
with any possibility that the abnormality is due to injury. A
photograph (text-fig. 1, B) is given of the skeleton.

All the normal distal tarsal bones are present in the foot in

their normal position, though, unfortunately, they are not distin-

guishable in the figure ; the four digits present are also perfectly

normal in their anatomy.

Text-figure 1.

A. Photograph of the external appearance of the two hind feet, natural size.

B. Photograph of the skeleton of the left hind foot, natural size.

It was decided not to dissect the right foot, but as careful an
examination as possible was made from the outside, and revealed

no indication of the hallux in that foot either.

One question I cannot definitely settle. It is just possible

that the structure identified by me as the calcar is really the

remnant of the hallux, in which case the calcar is entirely altsent

in both feet. I do not think that this can be the case, however,

for the following reasons. The position of this structure in the

abnormal specimen precisely corresponds to that of the calcar in

the normal frog, both as regards the foot generally and in its
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relation to the distal tarsal bones : its size is just that of the
normal calcar ; and, in addition, in dissecting the foot I found
that its muscles corresponded exactly with the account given in

Gaupp's Ecker-Wiedersheim's 'Anatomie des Frosches' for the
musculature of the calcar.

One of the most interesting points in connexion with this

abnormality is the fact that in the manus of the frog there are

always only four digits, and the one usually accounted absent is

again the first of the series, though Emery (Anat. Anz. Bd. v.

1890, pp. 283-288; and elsewhere) has claimed that the missing
finger is really the fifth. But whether the absence of the first

digit from the hind feet of the abnormal specimen can be regarded
as additional evidence tending to disprove Emery's theory, or not,

I cannot say. Another point of theoretical interest lies in the

presence of the calcar despite the absence of the hallux, which
seems to me to afford considerable support to the view that

the former does not belong in any way to the digital series.

Theoretical consideiations based upon a single specimen are far

too doubtful, however, to render it worth while attempting to

discuss these questions.

Among the gi-eat number of structural abnormalities which
have been described for frogs of various species, a number of cases

of polymely and polydactyly occur ; but apparently this specimen
is the first in which a variation of this kind has been recorded.
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5. On a Collection of MotLs made in Somaliland by

Mr. W. Feather. By Professor E. B. Poulton, M.A".,

F.P.S., F.Z.S. With Descriptions of New Species,

by Sir G. F. Hampson, Bart., L. B. Prout, J. H.
DuRRANT, and Dr. Karl Jordan^.

[Eeceived November 23, 1915 : Read February 8, 191C.]

(Plates I. & II.*)

Index.

Geographical : Page
Localities at which collections were made 92

Systematic :

Oduntoretha, gen. n « 105

Consfantiodes, gen. n 107

Acroriesis, gen. n , 110

Hemidromodes, gen. n 144

TricefitrosceJis, gen. n 147

Sesquialtera, gen. n . 162

FeafJieria, gen. n 167

CalamoscJioena, gen. n 169

Nomiina
, gen. n 178

Aclitliina, gen. n 179

109 species and 2 subspecies are also described as new.

The moths described in the following pages were very carefull}^

collected by Mr. Walter Feather, who preserved excellent data.

Sir George Hampson has described the new species of all

the groups except the Sphingidfe, by Dr. Karl Jordan, the
Geometridee, by Mr. L. B. Prout, and the Tineina, by Mr. J. H.
Durrant. The order of the species is from the more specialised to

the more generalised except in the Geometridse, which Mr. Prout
has arranged in the opposite sequence.

Types of the species described by Sir Geor-ge Hampson and
Mr. Durrant are in the collection of the British Museum, co-

types, when the series permits, in the Hope Department, Oxford
University Museum, and Mr. Feather's collection. Dr. Jordan's
and Mr. Front's types are in the Hope Collection, co-types,

when the series permits, in the British Museum, Mr. Feather's

collection, and that of the describer. This statement renders
unnecessary any further refei"ence to the disposition of types and
co-types in the descriptive part of this memoir.

* For explanation of the Plates, see pp. 181-2.
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The numbers prefixed to the names of sjiecles in the first part

of the memoir are those of Hampson's ' Catalogue of Lepidoptera

Phalaense in the British Museum,' the position of new species

being indicated by letters added to the numbers of the most
closely allied species in the Catalogue. Thus species 2094« would
immediately follow 2094 in the Arctianae of the Catalogue.

The specimens were collected at the following localities, of

which the descriptions have been kindly furnished by Mi".

Feather :

—

Mandera.

Forty-seven miles south-west of Berbera, alt. 3000 ft.

Eocks, gi'ey and red granite.

Open and bnsh country, bush being mainly made up of thorny

trees, nearly all flat-topped Acacias or Mimosa. Big areas

covered with fibre-plants {Sanseveria ehrenhergi).

Gan Libbah.

(The " Lion's Paw.")
In the Golis Mts., seven miles east of Mandera, alt. 5800 ft.

Rock, limestone (Jui-assic).

Good patches of big trees, mainly Juniper ; also Euphorbias.

Good grass land with scarcely any thorn-bush.

BUGGAN.

Ten miles south of Mandera, alt. 3500 ft.

Rock, granite.

Thorn country, fairly open : few big wild Fig-trees.

Hargaisa.

One hundred and twenty miles south-west of Berbera, alt.

4000 ft.

Bush and trees same as Mandera, but a little denser. Bigger

areas of Sanseveria ehreiibergi.

Berbera.

All the moths I captured at Berbera were taken in the

Bungalow at light. This was close to the sea ; the maritime

plain is very thinly covered with a low-growing thorn-

bush.

Rock, coralline limestone.

Durbar.

Nine miles south of Berbera, alt. 400 ft.

Rock, limestone.

Open land, few Palms with some rough grass.

Durbar is really the waterworks for Berbera, and at one time

there was a poor sort of Govei-nment garden there.



MOTHS FROM SOMALILAND. 93

With few exceptions the specimens were captured at Manclera,
and this place is to be understood when no locality is mentioned
in the text. Mandera is, however, always quoted for those com-
paratively few species which were also taken elsewhere. The
specimens from Hargaisa dated Oct. 1908 were taken during
a period of about two or three weeks by Captain Jorkinson.

Mr. Feather writes concerning the method of capture :

—

" I may say that all the moths were collected at li^ht. I only
remember taking one species—I think a Geometer—otherwise,

and that I got in a porcupine-burrow along with a Skipper. I
sugared many times, but the only insects that came were ants,

and they completely covered the sugar."

Mr, L. B. Prout, in the introduction to the Geometridse

(p. 142), draws attention to the remarkable preponderance of

females ; and the same unusual condition is to be found again
and again throughout the rest of the collection. Observations
made Sept. 12-15, 1915, in Bombay Harbour, on the return
from the visit of the British Association to Australia, have
led me to believe that nocturnal flights of female Lepidoptera
tend to occur during wet weather. The Bombay species in-

cluded the females of certain butterflies which flew at night
and came to light with the moths. The fact seems to be very
interesting and well worthy of a separate communication dealing
with these Somaliland moths and my own experience in Bombay.
In order to test the relationship of female preponderance to

wet weather, I have asked Mr. Feather to supply a record
of the rainfall and temperature at Mandera. He kindly replied

as follows :

—

" I am enclosing the record of rainfall for Mandera, and
have used mvich the same words as I wrote in my diary. My
impressions of the rainfall were guided by what I had been used
to in England, as this was my first visit to Africa.

" I cannot give you the amount of rain, as we had no rain-

gauge. I should say the annual rainfall at Mandera is about
10-12 inches. Wet nights are a great rarity, the rain oftenest

coming in shoi't heavy showers in the morning or aftei'noon.
" The river I mention is, of course, a dry river-bed, except just

after rain. The longest time that I remember water running
down the channel was for about 8 hours. The river-bed is

about 120 yards wide, and in one part was a very small stream
of permanent water, which appeared between some rocks and
ran on the surface for 20-30 yards before disappearing in the
sand."
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Record of Rain at Mandei-a, Somaliland, from Nov. 14th, 1907,

to June 23rcl, 1909, and of Temperatures, taken in the shade,

from March 14th, 1908, to June 30th, 1909.

Date.
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Date.
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Date.
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1

Date.
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Date.
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Pofo
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Date.

April 9, 1909.
— 10, —
— 11, —
— 12,— 13, —
— 14, —
— 15, —
— 16. —

— 17,

18,

19,

20,

21,

22,

23,

24,

25,

26,

27,— 28,— 30,

May 1,— 2,— 3,
' — 4,— 5,— 6,— 7,

— 10, —
— 11, —
— 12, —
— 13, —
— 14, —
— 15, —
— 16, —
— 17, —
— 18, —
— 19, —
— 20, —
— 21, —— 22, —
— 23, —— 24, —
— 25, —
— 26, —
— 27, —
— 28, —
— 29, —
— 30,— 31, —

June 1,
—

— 2, —
— 3, —
— 4, -

Morning and afternoon temperature
(Fahrenheit).

6.0 A.M. 70 deg. 1.30 p.m. 67 deg.

— — 68 — — — 82 —
— — 65 —_ _ 68 — _ _ 83 —
— — 72 — — — 95 —
— — 73 — — _ 97 —
_ — 73 — — — 87 —
— — 71 — — — 85 —

65

65

75
73
72
67
67
67
70

70
64
70

69
72
71
72
72
71

73
69

72
71
72

72
73
70
73
72
70
71
70
71

67
71
71
69

71
71
70
69

1.0

4.0

1.0

82 —

85 —
85 —
95 —
93 —
85 —
82 —
87 —
88 —
87 —
91 —
92 —
82 —

Eainfall.

Shower in early morning.

Shower in afternoon.

Few short showers in night.

Little water coming down
river at daylight.

Very heavy shower : one could

only see for few yards. River

in strong flood.

Heavy rain-storm a few miles

[away.

Few drops.

80 —
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Date.
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Fam. A R C T I A D ^,

Subfam. NoLiN^.

63 c. NoLA CHioNEA Hmpsn.

1908 : Mar. 22,-1 $ ,

Subfam. Lithosian^.

843. SiCCiA SORDIDA Butl,

1908 : Oct. 25—1 ? .

Subfam. Arctian^.

1677. Maenas arborifera Butl.

1908 : Apr. 36,-1 c? ; Oct. 18,-1 $ . 1909 : Mar. 28,-1 6 ;

Apr. 8,-1 6; Apr. 11,-1 c?; Oct. 14,-1 cT . 1910: Mar. 6,

—2 c?; Mar. 12,-1 d ; Mar. 14,-3 6 .

1730 a. DiACRisiA diversata Hmpsn,

1909: Sept.-l $.

DiACRisiA var. near 1812. lineata, Wlk.

1909 : May 10,-1 6 .

1858 b. ESTIGMENE GRISEATA, Sp. H. (PL I. fig. 1, $ .)

$ . Head and thorax brownish grey, the back of head and
tips of tegulse orange-yellow, the patagia with small black spots

near base
;
palpi black at tips ; abdomen fulvous orange with

lateral series of small black spots. Fore wing brownish grey ; a

small black spot at base of cell ; black points in the angles of

cell and two beyond lower angle. Hind wing white tinged with
reddish brown. Undei'side brownish white, the costal area of

both wings tinged with red-brown ; hind wing with black

discoidal spot.

1909: May 21,-1 $ (type). Exj). 40 millim.

2068. Teracotona submacula Wlk.

1909 : Oct. 22,-1 <S .

2088. Utetheisa pulchella L.

1909: May 11,— 1 $; May 21,~1 S. 1910: Jan.,—1 <S

.

2094 a. Secusio somaliensis, sp. n. (PI. I. fig. 2, § .)

$ . Head and thorax pale reddish brown tinged with grey
;

the vertex of head with minute black streak ; the tegulse,

shoulders, and patagia near base and tips with black spots ringed
with whitish ; the metathorax with minute black spot

;
palpi

brown at sides
;
pectus and legs whitish tinged with brown, the
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former with black spot at side ; abdomen brownish ochreous

with dorsal and sublateral series of black spots, the ventral

surface whitish tinged with brown. Fore wing pale reddish

brown ; a subbasal black point on costa ringed with white

;

obliquely placed antemedial black spots on and below costa and

in cell and spots nearer the base below median nervure and

above vein 1, all ringed with white; two diffused waved white

medial lines, rather oblique to below the cell, then incurved
;

obliquely placed postmedial black spots ringed with white below

veins 8 and 7, then a series of diffused white spots with minute

black points on the spots below veins 5 and 4 ; a subterrainal

series of diffused white spots in the interspaces. Hind wing

pale grey-brown. Underside of both wings uniform pale grey-

brown.

1908: Nov. 13,-1 $ (type). Exp, 36 millim.

2098. Secusio strigata Wlk.

Mandera.—1908 : Sept. 25,-1 $ .

GanLibbah.—1908: June 25,-1 6 ; Nov. 6,-1 $. 1909:

Nov. 4,—2 5.

Fam. Agaristid^.

84. RoTHiA AiSHA Kirby.

1909: Apr. 8,-1 cf

.

122. uSCgocera BREVivrrrA Hmpsn.

1909: May 6,-1 $; May 10,-9 $. 1 $ specimen without

data.

162. TUERTA TRIMENI Feld.

1909: Apr. 5,-1 S\ Apr. 14,-1 6,1%; Apr. 20 or 21.—
1 2.

Fam. N o c T u I D ^.

Subfam. Agrotin^e.

47 a. Chloridea albivbnata, sp. n. (PI. I. fig. 3, $ .)

2 . Head and thorax rufous mixed with ochreous ; antennae

brownish, white towards base
;

palpi, pectus, legs, and abdomen
ochreous irrorated with brown, the dorsum of abdomen thickly

irrorated. Fore wing ochreous tinged with rufous and slightly

im'orated with blackish, a stronger rufous shade along miedian

nervure expanding towards the postmedial line; a diffused blackish

streak below base of cell ; a faint diffused oblique blackish ante-

medial line from costa to median nervure ; reniform a diffused

blackish spot ; the veins beyond the cell slightly streaked with

white to tlie postmedial line, which is whitish slightly defined

on each side by blackish, bent outwards below costa, then

minutely dentate, excurved to vein 5, then oblique, a fuscous
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and rufous shade beyond it ; a terminal series of black points

;

cilia whitish tinged with brown. Hind wing ochreous suffused

with brown, the terminal area broadly suffused with blackish
;

a large blackish discoidal spot ; cilia white, tinged with brown at

base. Underside ochreous, the costal areas irrorated with brown;
fore wing with some fuscous along median nervure ; both wings

with large black discoidal spots and black subterminal shade from

1.»elow costa to above inner margin.

1909 : Oct. 20,-1 $ (type). Exp. 24 millim.

56. Chloridea obsoleta F&br.

1909: Mar. 2,-1 $.

304. EuxoA SPiNiFEBA Hlibn.

1908 : Nov. 20,-1 $ .

Subfam. Hadenin^.

1799. DiAPHONE eumela Stoll.

1909: Feb. 28,-1 $; Apr. 8,-1 c? ; Apr. 14,-1 ?.

1850. CiRPHIS LOREYI Dup.

1909: Jan. 11,-1 $.

Subfam. Acronyctin.e.

3139. Perigea capensis Guen.

1908 : Nov. 24,^1 ? .

3552. Iambiodes incerta Rothsch.

1908: June 7,-1 $ (in B.M.),

3623 a. Thalatha melanostrota, sp. n. (PI. I. fig. 4, S .)

c? . Head and thorax white irrorated with black scales, the

latter strongly tinged with rufous except the tegulfe ; antennse

fulvous
;
palpi white, reddish brown "above

;
pectus white ; legs

white and brown ; abdomen red-brown mixed with some white
and irrorated with black, the basal crest I'ufous, the anal tuft

and ventral surface white. Fore wing grey, tinged with red-

brown except on terminal area and irrorated with large black

scales ; faint traces of a medial line, oblique towards costa, then
sinuous ; an indistinct double dai*k postmedial line, very oblique

towards costa, then sinuous and incurved below vein 3 ; a series

of black points before termen. Hind wing white tinged with
red-brown, the costal area and termen more strongly tinged

;

cilia white. Underside of fore wing suffused with bi-own ;

hind wing white, the costal area and termen to vein 2 irroi-ated

with brown.

1909 : Apr. 8,-1 S (type). Exp. 26 millim.
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3786. Cbtola pulchra B.-Baker.

1909: Apr. 6,-1 ?; Apr. 9,-1 $; Apr. 14,-1 6.

3792 a. Matopo heterochroa, sp. n, (PI. I. fig. 5, S )

Antennae of male bipectinate with rather long branches to

apex, ol" female ciliated.

(S . Head and tegulfe ochreous white, the latter with slight

brown lines at middle and tips ; thorax bluish white slightly

mixed with pale brown
;
palpi with the 2nd joint, except at tip,

and the 3vd joint brown ; frons with lateral brown bars
;
pectus,

legs, and abdomen creamy white, the fore tibise and the tarsi

banded with blackish. Foi^e wing bluish white tinged in parts

with brown, especially on costal and terminal areas, the veins of

terminal half with slight dark streaks ; a subbasal brown point

below costa ; antemedial line slight, dark brown, angled outwards

below costa and strongly in submedian fold and above inner

margin; claviform defined by dark brown, minute; reniform faint,

yellowish with slight brown centre; postmedial line slight, dark

brown, defined on outer side by yellowish except towards costa,

strongly bent outwards below costa, then waved, incurved below

vein 4, and with a slight brown shade before it towards inner

margin, some white points beyond it on costa, and slight black-

brown streaks above and below vein 6 and between veins 4 and 2 ;

cilia intersected by slight white streaks. Hind wing pure white,

the terminal area slightly tinged with brown. Underside white.

5 . More strongly tinged with reddish brown ; fore wing with

round whitish orbicular stigma and some fiery red on outer edge

of reniform and on the yellowish beyond the postmedial line
;

hind wing sufii'used with reddish brown ; underside tinged with

red-brown^

1908 : 0-et. 13,-1 $ (type) ; Nov. 24,-1 6 (type). 1909 :

Mar. 12,-1 $; Apr. 14,-1 $; Apr. 20,-1 $; Apr. 22,-1 $;
Apr. 26,-1 ?; Sept, 30,-1 ?; Oct. 22,— 1 ?; Nov. 6— 1 §.
I^xp. 32-36 millim.

3878, Laphygma exigua Hiibn.

1909 : Jan. 15,-1 c? , 1 $ .

Genus Odontoretha, nov.

Type, 0, feaiheri.

Proboscis fully developed
;
palpi porrect, short, slender ; frons

with large, conical, truncate prominence with raised edges pro-

duced to two minute teeth below and two at each side ; eyes large,

round ; antennae of male almost simple ; thorax clothed almost

entirely with scales, the metathorax with depressed crest ; build

slender; tibiae slightly fringed with hair ; abdomen clothed with

rather rough hair, but without crests. Fore wing long and very

narrow ; the apex rectangular, the termen evenly curved and
not crenulate; veins 3, 4 stalke<i; 5 from just above angle;
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6 from well below upper angle ; 7, 8, 9, 10 stalked ; 11 from cell.

Hind wing with the cell long ; veins 3, 4 stalked ; 5 obsolescent

from just below middle of discocellulars ; 6, 7 shortly stalked
;

8 anastomosing with the cell near base only.

In key differs from Prometopus in the fi'ontal prominence being

toothed at edges and the fore wing having veins 3, 4 stalked.

3880 «. Odontoretha featheri, sp. n. (PI. I. fig. 7, 6 .)

(5 . Head white ; antennae tinged with fuscous ; frons with

black bars at sides
;
palpi mostly black ; thorax and abdomen

grey-white mixed with some blackish
;
pectus, legs, and ventral

surface of abdomen white, the tarsi black ringed with white.

Fore wing grey-white, the terminal half with black scales mixed
except a patch in and just beyond the cell from costa to vein 2 ;

the daxker area defined on inner side by a, faint oblique inedial

line angled outwards just below the cell, with a black streak in

the cell from it to the pale patch, which is somewhat constricted

at discal fold. Hind wing white ; a brown discoidal striga and

some faint stride on ternien except towards torniTS ; the underside

with some black on costa towards base, a rather diffused black

mark on vein 8 just beyond the cell, and the costal area slightly

irrorated with black towards apex.

1909: Mar. 12,-1 6 (type). Exp. 24 millim.

3989. Athetis leuconephra Hmpsn.

1908: Sept. 24,-1 ?; Sept. 27,-1 ^; Oct. 13,-1 ?.

3998 a. Athetis discopuncta, sp. n. (PI. I. fig. 8, 5 •)

5 . Head and thorax creamy white irrorated with rufous and

a few black-brown scales ; antennae brown except at base
;
palpi

tinged with red-brown towards tips ; abdomen whitish suffused

with red-brown. Fore wing white irrorated with pale red-brown

and a few black-brown scales ; small subbasal, antemedial, and
postmedial black spots on costa ; a black point just beyond the

cell ; traces of a postmedial line formed by red-brown and black

scales arising from the costal spot, excurved from below costa to

vein 4, then incurved ; some minute blackish streaks on post-

medial part of costa ; subterminal line represented by slight

blackish streaks and spots except towards costa; the terminal

area tinged with rufous except at apex ; a series of small black

spots just before termen ; cilia rufous at base, chequered rufous

and white at tips. Hind wing white, the termen tinged with

rufous except towards apex. Underside white, the costal and

terminal areas of fore wing and apex of hind wing irrorated with

rufous.

1909: Sept. 11,-1 $ (type). Exp. 28 millim.

4020 a. Athetis ectomel^na, sp. n. (PI. I. fig. 9, c?-)

<S . Head and thorax ochreous ; antennpe brownish : palpi

blackish at sides ; tibia? irrorated with blackish, the tarsi blackish
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with pale rings ; abdomen oclireous wliite with difiused fuscous

dorsal bands. Fore wing ochreons ; a minute black subbasal spot

on costa and slight point below the cell ; a small black ante-

medial spot on costa, and traces of a sinuous line with slight

black marks on it below the cell and above inner mai'gin ; two
small black spots at middle of costa ; a black subterminal band,
broad at costa and narrowing to a point at inner margin, ex-

tending, except towards apex and tornus, to beyond the slight

pale subterminal line, which is slightly angled outwards at vein 7

and excurved at middle ; the termen oclireous with a. series of

minute black lunules; cilia whitish, tinged with brown at base.

Hind wing white, with a slight brown tei-minal line except
towards tornus ; cilia ochreous n.t base, white at tips, and with a

brown line through them towards apex. Undersi<le white, the
fore wing and costa of hind wing tinged with ochreous ; fore

wing with the terminal area suffused with fuscous except towards
tornus; the cilia ochreous at liase followed by a l)rown shade and
the tips white ; hind wing with some bi'own on apical part of

termen.

1908: Oct. 20,-1 6 (type). J'Jxp. .30millim.

Genus Oonstantiodes, nov.

Type, C. pyralina.

Proboscis absent; palpi upturned, the 2nd joint reaching to

vertex of head, slenderly scaled, the Sixl moderate, thickl}' scaled ;

frons smooth, with lidge of hair above ; eyes large, round
;

antennse of male bipectinate with moderate bi'aiiches, the apex
ciliated ; thorax clotlied almost entii-ely with scales, the meta-
thorax with depressed crest ; tibise slightly fringed with hair

;

abdomen with dorsal crest at base only. Fore wing nari'ow, the
apex rectangular, the termeu evenly curved, crenulate ; veins

3 and 5 from near angle of cell ; 6 from Vipper angle ; 9 from
10 anastomosing with 8 to form a narrow^ areole ; 11 from cell.

Hind wing with veins 3, 4 from angle of cell ; 5 obsolescent

from below middle of discocellulai-s ; 6, 7 from upper angle

;

8 anastomosing with the cell near base onl3%

In key differs from Phtsilla in the fore wing being narrow
with the termen crenulate.

4030 a. CONSTANTIODES PYRALINA, sp. n. (PI. I. fig. 35, J.)

S 2 . Head and thoi-ax white mixed with some I'ed-brown
;

palpi with some dark brown towards extremity of 2ud joint ; abdo-

men creamy white, dorsally tinged with brown. Fore wing creamy
white tinged in parts with brown and slightly irrorated with

black, the termen yellowish tinged with rvifous ; a slight curved

blackish subbasal line from costa to vein 4 ; antemedial line

reddish brown defined on inner side by white, oblique to sub-

median fold, then almost obsolete ; some white in end of cell
;

reniform slightly defined by red-brown, large, somewhat angled
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inwards on median nervure, a red-brown shade beyond it from
costa beyond the postmedial line followed by some white

;
post-

medial line blackish, oblique towards costa, then slightly waved,
at vein 3 retracted to inner edge of reniform, then oblique to
inner margin, the veins beyond it with slight black streaks except
towards costa ; some oblique white and dark strife on costa
towards apex ; subterminal line white, slightly waved from below
costa to vein 4, then oblique ; some rufous at apex ; a waved
blackish terminal line. Hind wing creamy white ; a slight waved
brown terminal line; the underside with the apical area irrorated
with a few red-brown scales.

1908: June 1,-1 ? (in B.M.) ; Sept. 21,-1 d (tvpe). 1909:
Mar. 11,-1 $ ; Apr. 7,-1 ^ . Exp. 22 millim.

4103 a. Ethiopiga ignecolora, sp. n. (PI. I. fig. 10, $ .)

Antennfe of female bipectinate,

2 . Head and thorax fiery rufous ; antennae black
;

pectus
and legs rufous ; tai-si dai-k brown ringed with white ; abdomen
ochreous brown, the ventral surface whitish tinged with rufous.
Fore wing fiery rufous ; traces of .a curved deeper red ante-
medial line; a whitish point in middle of cell; reniform defined
by whitish points

;
postmedial line indistinct, deep red, oblique

towards costa, then slightly waved, excurved to vein 4, tJien

incurved ; some slight whitish points beyond it on costa ; sub-
terminal line represented by a slight whitish striga from costa
and whitish points above and below vein 6 further from termen

;

a terminal series of slight whitish points. Hind wing white,
the costal area, and terminal area to vein 2, tinged with pale
brown. Underside of fore wing brownish white, the costal area
red ; hind wing with the costal edge red.

1909: Dec. 15,-1 $ (type). Exp. 26 millim.

4103^. Ethiopica phjeocausta. sp. n. (PL I. fig. 11, $ .)

2 . Head, thorax, and abdomen deep purplish red tinged with
brown ; antennae black

;
palpi black-brown except at tips ; tarsi

black-brown with slight pale rings. Fore wing deep purplish
red tinged with brown ; a very indistinct sinuous brownish ante-
medial line ; reniform red incompletely defined by ochreous,
narrow

;
postmedial line indistinct, dark, oblique to vein 6, then

dentate and incurved below vein 4, some minute pale points
beyond it on costa, a terminal series of ochreous points. Hind
wing white tinged with brown, the cilia pure white at tips.

Underside of fore wing pale brown; hind wing white, the costal
half suffused with brown.

1909: May 9,-1 5 (type); May 10,-1 $. Exp. 26 millim.,

4524. Elydna bisignata Hmpsn.

1909: May 12,-1 $.
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4676 a. Rabila albiviridis, sp. n, (PL I. fig. 13, c?.)

Antennae of male laminate and minutely ciliated.

d , 2 ' Head, thorax, and abdomen white slightly mixed with
brownish ; antennae tinged with ochreons. Fore wing pale

yellow-green irrorated with white, the costal area whiter to

beyond middle. Hind wing white tinged with brown. Under-
side white ; fore wing suffused with brown, except the costa

and inner area which are irrorated with brown ; hind wing with
the costal and terminal areas irrorated with brown.

Ab. 1. $. Fore wing with deeper green patch with a golden
tinge and defined by whitish on inner basal area, its outer edge
rounded and a similar small round spot distinctly defined by
white before tornus.

1908: May 28,-1 $ ; June 2,-1 J ; June 21,-1 S (type).

1909: Apr. 6,-1 ?; Apr. 8,-1 d ; Apr. 22,— 1 J; Apr. 23,
—1 2 ; May 8,-1 $ (B.M.) ; May 10,-2 d ; Sept. 16,—
1 2 ab. (B.M.). Year ? : May,— 1 cT . Exp. 20-24 millim.

4742 a, Acrapex albicostata, sp. n. (PI. I. fig. 14, ^ .)

c? . Head whitish mixed with dark brown, the antennae
ringed with' brown towards base, thorax white tinged with
I'ed-brown, the tegulae with slight brown medial line

;
pectus,

legs, and abdomen white, the fore legs brown in front. Fore
wing white tinged and irrorated with red-brown, the costal

edge brown, the inner half dark brown to the postmedial line,

extending except at base to discal fold and leaving some yellow
on inner margin, met at the postmedial line by an oblique
brown fascia from termen below apex ; subbasal and ante-
medial slight double oblique brown sti'iae from costa ; a black
point in middle of cell and slight striga on discocellulars with
point beyond it ;

postmedial line slight, brown, strongly bent
outwards below costa, then slightly waved, excurved to vein 4,

then incurved and double towards inner margin, the area beyond
it with black streaks between veins 8 and 4 ; an oblique slightly

waved brown subterminal line below the oblique fascia ; a
terminal series of black points. Hind wing pure white. Under-
side white, the costal area of fore wing tinged with ochreous and
iri'orated with red-brown.

1908 : Sept. 26,-1 d (type). Exp. 22 milliin.

4755. Sesamia coniota Hmpsn.

1909: Jan. 12,-1 $.

Genus Pachycoa.
Type, P. olivacea.

Proboscis fully developed
;
palpi obliquely upturned, slender,

the 2nd joint reaching to about vertex of head and slightly

fringed with hair behind at extremity, the 3rd short and
thickly scaled ; frons with flattened corneous plate at middle
covered by a tuft of hair above and corneous plate below ; eyes
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rather small, round ; antennae of female somewhat laminate and
almost simple ; thorax thickly clothed with rough scales and
hair, the metathorax with spreading crest ; tibiae slightly fringed
with hair ; abdomen without crests. Fore wing thickly clothed
with rough scales, the apex rounded, the termen evenly curved
and not crenulate ; veins 3 and 5 from near angle of cell ; 6 from
below upper angle ; 7 from angle; 8, 9, 10 stalked ; 11 from cell.

Hind wing with veins 3, 4 very shortly stalked ; 5 somewhat
obsolescent from well below middle of discocellulars ; 6, 7 from
upper angle ; 8 anastomosing with the cell near base only.

In key differs from Xantholepis in the abdomen being without
crests.

4824 a. Pachycoa ouvacea, sp. n. (PI. I. fig. 12, $ .)

5 . Head whitish tinged with olive-brown and the frontal tuft
witli rufous ; antennae and palpi brown ; thorax olive-brown, the
metathoracic crest darker brown; abdomen olive-brown; pectus,
legs, and ventral surface of abdomen whitish suffused with brown.
Fore wing olive-brown with a reddish tinge except on terminal
area

; the 1st line almost medial, slight, whitish, oblique to
subcostal nervure, then erect; postmedial line slight, whitish,
excurved to vein 4, then oblique ; cilia whitish tinged with
brown and chequered with chocolate-brown at tips. Hind wing
dark brown, the cilia silvery white at tips. Underside brown,
the costal and. terminal areas of fore wing and the hind wing
irrorated with white.

1909: Sept. 16,-1 $ (type). Ex]^. 22 millim.

Genus AcRORiESis, nov.

Type, A. ignifusa.

Proboscis fully developed
;
palpi obliquely upturned, slender,

the 2nd joint reaching to above vertex of head, the 3rd short,

thickly scaled ; frons with flattened coi-neous plate at middle
covered by a tuft of hair a,bove and corneous plate below ; eyes
large, round ; antennas of female somewhat laminate and almost
simple ; thorax clothed with scales and liair mixed, the meta-
thorax with spreading crest ; tibiae slightly fringed with hair

;

abdomen without crests. Fore wing with the apex rounded,
the termen evenly curved and not crenulate ; veins 3 and 5 from
near angle of cell; 6 from upper angle; 7, 8 and 9, 10 stalked

;

11 fi'om cell. Hind wing with veins 3, 4 from angle of cell ;

5 somewhat obsolescent from well above angle ; 6, 7 from upper
angle ; 8 anastomosing with the cell near base only.

In key differs from the other genera without an areole in the
fore wing having veins 7, 8 and 9, 10 stalked.

4824 h. AcRORiEsis ignifusa, sp. n. (PI. I, fig. 6, $ .).

5 . Head and thorax whitish suffused with cupreous red
;

pectus and legs white, the latter tinged with brown ; abdomen
brown, the ventral surface white tinged with laifous towards
extremity. Fore wing pale grey-brown suffused with cupreous
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red to the postniedial line except towards base ; a snbbasal
chocolate-brown spot on inner margin and streak in end of cell

;

postmedial line double, brown filled in with white, very oblique
from costa to vein 6 towards termen, then excvirved to vein 4,

then very inwardly oblique, with fiery red beyond it, exce})t

between veins 6 and 4, followed by a white line ; cilia with fine

whitish line at basef and white tips. Hind wing white tinged
with brown, the cilia pure white. Fore wing grey-brown,
the costa white towards apex ; hind wing white with small
brown discoidal spot and curved postmedial line.

1909: Sept. 16,-1 $ (type). Exp. 18 millim.

4857 a. EuTERPioDEs pictimargo, sp. n. (PI. I, fig. 15, S )

Antennae of male laininate and almost simple.

cJ . Head and tegulse bright rufous; thorax ochreous ; fore

and mid tibite and the tarsi red-brown ringed with white

;

abdomen ochreous white, the 2nd to 4th segments dorsally

tinged with red-brown. Fore Aving ochreous white, the area
beyond the antemedial line from costa to below the cell and
vein 3 suft'ased with blight rufous to termen ; subbasal lizie

black with, some rufous before it on costa, sinuous, from costa

to submedian fold ; antemedial line black, oblique, sinuous,
incurved above vein 1 ; claviform defined by red-brown at

extremity ;
orbicular defined by red-brown, round ; reniform

with whitish centre and annulus defined by red -brown ; a
sinuous red-brown medial line; postmedial line black, slightly

defined on outer side by white on the rufous area,, strongly
bent outwards below costa,, slightly incurved at discal fold,

incurved below vein 4 to below end of cell and excurved above
vein 1, some white points beyond it on costa ; subterminal line

slight, white, defined on inner side by small rather dentate
black marks from costa to vein 3, angled outwards at veins 7, 6
and inwards at discal fold, then minutely dentate, a crimson
patch beyond it at apex with oblique black striga from apex ; a
terminal series of minute black lunules defined on inner side by
Avhite, more strongly towards apex ; cilia pale rufous with a
reddish-brown line near base. Hind wing silky white ; the
underside with the costal area irrorated with red-brown and
with faint red-brown postmedial shade from costa.

5 . Thorax, abdomen, and the basal and inner areas of fore

wing tinged with rvifous ; hind wing red-brown, the cilia

whitish.

1908 : Aug. 15,-1 $ ; Sept. 26,-1 6 (type). 1909 :

Mar. 15,-1 S ; Apr. 8,-1 $ (type). Exp. S 20, $ 22
millim.

4857 6. EUTEKPIODES CROCEISTICTA, sp. n. (PI. I. fig. 16, S •)

S . Head and thoVax creamy white; frons and palpi tinged
with orange, the latter with some black at side of 2nd joint

;

patagia with orange patches ; fore and mid tibise tinged with
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orange, the tarsi orange ringed with white ; abdomen white,

suffused with dark brown except at base and extremity. Fore
wing creamy white ; antemedial line i-epresented by orange
stria? from costa and inner margin, a black point above sub-

median fold and orange point below it, inwardly obliqtie

;

postmedial line represented by an orange striga from costa,

black points above and below vein 5, and below the end of cell

by a black point above submedian fold, black and orange point

below it, and orange striga from inner margin. Hind wing
silky white with a very faint brown tinge. Underside of fore

wing suff"used with brown.
1909 : Mar. 26,-1 6 (type) ; May 8,-1 $ ; May 10,-1 6 .

Exp. 14 millim.

4885 a. Paratuerta nana, sp. n. (PI. I. fig. 17, S )

5 . Head and thorax white with some brown scales ; antennfe

ringed with brown towards base ; abdomen white dorsally irro-

rated with brown, the double basal crest with some blackish

scales with a metallic gloss. Fore wing white irrorated with

brown, the terminal area more thickly irrorated ; a sinuous

black-brown streak in submedian fold to the postmedial line,

with the area below it and also the area from just before the

postmedial line to the subterminal line chocolate-brown mixed
with grey ; antemedial line hardly traceable to submedian fold,

then blackish and strongly angled outwards above inner margin
;

a faint diffused reddish-brown spot in end of cell almost conjoined

to a similar discoidal spot
;
postmedial line black-brown, obliquely

curved and slightly waved from costa to the streak in submedian
fold where it terminates, the brown before it angled inwards at

discal fold ; subterminal line black-brown, obliquely curved and
slightly waved, angled inwards at vein 1 ; a fine dark terminal

line. Hind wing ochreous yellow, the inner area tinged with

reddish brown ; the postmedial area reddish brown to near

termen, which is yellowish irrorated with brown ; a terminal

series of brown striae. Underside of both wings white, the

terminal areas broadly suffiised with brown, the costal area of

fore wing irrorated with brown.

r? . Fore wing with the costal area and disk grey irrorated

with brown and hai'dly paler than the inner and terminal areas,

the orbicular and reniform defined by dark brown, the latter

faintly on outer side, the former rovmd ; hind wing brownish

ochreous.

1909: Apr. 11,-1 6 (type); Apr. 30,-1 2 (type). Exp.

S 26, $ 30 millim.

Subfam. Erastrian^e.

5068 6. Enispa flavipars, sp. n. (PI. I. fig. 18, d" .)

S . Head and thorax rufous
;

pectus, legs, and abdomen
whitish tinged with brown, the last with some rufous at base of
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dorsum. Foi^e wing irroratecl with silvery scales, the costal half

rufous to beyond the cell, the rest of wing pale olive-green

banded with pale yellow; an indistinct interrupted antemedial
band ; a small brown spot in middle of cell and curved discoidal

striga ; the postmedial line dark and bent outwards below costa
with a yellow spot before it at costa, a yellow spot at discal fold

and incurved band from vein 4 to inner margin, some yellowish
points beyond it on costa ; an interrupted maculate subterminal
yellowish band. Hind wing irrorated with silvery scales, pale

olive-green with the terminal area pale yellow ; the underside
pale yellow.

1908: Oct. 31,-1 ^ (type). 1909: Mar. 12,-1 d . Exp.
16 millim.

5142. EUBLEMMA ADMOTA Feld.

1909: Oct. 11,-1 5.

5144. EUBLEMMA REDUCTA Butl,

1908 : June 1,-1 J ; Oct. 13,-3 S ; Oct. 23,-1 S ; Nov. 17
—1 ^ . 1909 : May 8,-1 2 ; May 10,-1 d,l 2-

5149. EuBLEMMA NiGRiviTTA Hmpsn.

Mandera.—1908 : Sept. 20,— 1 d ; Oct. 11,—Ic?. 1909:
Mar. 12,-1 c? ; Mar. 26,-1 6-
Hargaisa.—1908 : Oct.,— 1 c^ .

•

5158 «. EUBLEMMA EREMOCUROA, Sp. n. (PI. I. fig. 19, cJ •)

c? . Head, thorax, and abdomen ochreous slightly tinged
with rufous ; antennae tinged with fuscous

;
palpi and fore legs

blackish. Fore wing ochreous tinged and irrorated with rufous
and with a few blackish scales ; the costal edge blackish towards
base ; traces of a waved rufous antemedial line ; minute black
points in middle of cell and on discocellulars sometimes present

;

traces of a rufous medial line, oblique to the discocellulars, then
inwardly obliqiie

;
postmedial line indistinct, rufous, oblique

towards costa, then inwardly oblique, very slightly waved and
sometimes with some blackish scales on it ; some faint pale and
rufous marks on costa towards apex ; an oblique rufous subter-

ininal shade with a series of minute white points on it, sometimes
with some black scales on their outer edges and with one to three
black points towards costa ; a terminal series of black points with
more prominent spot at submedian fold. Hind wing white with
a faint rufous tinge ; traces of a sinuous rufous postmedial line

;

a punctiform blackish terminal line. Underside of fore wing
suffused with red-brown except the marginal areas ; hind wing
with the costal area irrorated with rufous.

5 . Fore wing more strongly suffused with rufous, the white
points on the subterminal line usually obsolete ; hind wing more
strongly tinged and irrorated with rufous.

1908 : July 19,-1 $ ; July 31,-2 c? . 1909 : Jan. 9,-1 $ ;

Proc. Zool. Soc— 1916, No. YIII, 8
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Jan. U,— 1 c? ; Jan. 15,-1 $ ; Jan. 17,-1 2 ; Jan. 18,-1 J
(type) ; Jan. 19,-1 d , 1 $ (type) ; Mar. 30,-1 c? • Exjy. 18-22

millim.

5214. EuBLEMMA sciTUixA E.mbr.

1908 : June 29,—1 ? ; Sept. 16,-1 2 ; Sept. 17,-1 ? ; Oct. 28,

—1 $ ; Nov. 17,-1 S ; Nov. 19,-1 c? . 1909 : Jan. 19,-1 $ ;

Feb. 22,-1 $ ; Mar. 13,-1 S

5282 a^. EuBLEMMA ochricosta, sp. n. (PL I. fig. 20, 5 •)

2 . Head white, the antennpe tinged with ochreous, the palpi

with gTey-bi-own ; thorax whitish tinged with grey-brown
;
pectvis

and legs white, the fore legs tinged with gi-ey-brown, the mid and

hind legs with oehreous ; abdomen ochreous white. Fore wing
ochreous white sutfused and irrorated with grey-brown, the costal

area broadly ochreous ; black points in cell towards extremity and

on discocelliilars with a slight white sti-eak between them ; some
very slight white sti'eaks in the interspaces of terminal area, the

streak in discal fold extending to near end of cell. Hind wing
white with an oehreoiis tinge.

1909 : Feb. 23,-1 $ (type). Exp. 18 millim.

5282 &. EUBLEMMA ARENOSTROTA, Sp. n. (PL I. fig. 21, J .)

cJ . Head white, the antennae and palpi tinged with ochreous
;

thorax whitish mixed -with grey-bvown ; pectus, legs, and abdomen
Avhite tinged with ochreous. Fove wing ochreous irroi-ated with

white and grey-brown except on terminal area, the ochreous

forming difiused fascise on median nervure aiid above vein 2 to

the oblique grey-brown subfcerminal shade; the costal edge white
;

minute brown s}X)ts oii each side of discocellulai's ; some slight

brown points on tei-men ; cilia white and gi'ey-brown with a

fine white line at base. Hind wing white slightly tinged with

ochreous. Underside of both wings almost pure white,

1909 : Jan. 20,-1 S (type). Exp. 20 millim.

5296. EuBLBMMA CONISJROTA Hmpsn.

1908 : Aug. 24,-1 $ .

5320 a. ToANA NiaRiMNEAXA, sp. n. (PL I. fig. 22, d" •)

6 2 ' Head, thorax, and abdomen pale grey-brown ; antenna
I'inged with black

;
palpi, frons, and fore legs black-brown. Fore

wing pale brownish grey slightly iyrorated with dark brown
;

a small subbasal black spot on costa ; antemedial line strong,

black, oblique to sv\bmedian fold, then incurved to inner margin
;

a slight brownish medial line, exciirved beyond lower angle of cell

and above inner mar-gin
;
postmedial line strong, black, arising

fi-om the same point on costa as the medial line, oblique and
sinuous to vein 4, then inwardly oblique to submedian fold and
excurved above inner mai'gin ; traces of a brownish subtei-ininal
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line ; a strong slightly waved black terminal line ; cilia with

fine brown lines through them. Hind wing whitish tinged and
irrorated with brown

;
postmedial line almost obsolete on costal

half, then black, oblique to vein 4, then inwardly oblique to sub-

median fold and oblique to inner margin ; a black terminal line.

Underside whitish tinged with red-brown ; hind wing with slight

brown discoidal striga.

1909 : Mar. 22,-1 J (type); Mar. 26,-1 § . Exp. 18 millim.

5576 a. Chioxoxanthia leucoph^a, sp. n. (PL I. fig, 23, c? .)

S ? . Head, thorax, and abdomen grey-white mixed with

brown
;
palpi black-brown ringed with white. Pore wing grey-

white suffused with brown ; a slight sinuous blackish subbasal line

from costa to submedian fold ; antemedial line double, blackish

filled in with white and defined on inner side by white, sinuous, a

black streak beyond it in submedian fold ; orbicular white defined

by black, round, some black in the cell between it and the white

discoidal bar ;
postmedial line brown defined on each side by

white, obliquely excurved fi-om costa to vein 4, then incurved
;

subterminal line whitish defined on inner side by diffused brown
forming a dark patch on costal area, angled inwards at discal

fold, excurved at middle, then incurved and slightly waved ; a

terminal series of blackish strife. Hind wing whitish suff'used

with brown ; the underside white irrorated with brown, a small

brownish discoidal spot, curved postmedial line, a diffused sub-

terminal line.

1908: May 28,-2 $ (1 in B.M.) ; June 1,-1 J (type);

June 2,—1 § . ExjJ. 16 millim.

5589 a. CEdicodia strigipennis, sp. n. (PL I. fig. 24, (5 .)

(S . Head and thorax red-brown slightly mixed with whitish
;

antennte dark brown
;

palpi at base and the base of 3rd joint

white ; abdomen grey irrorated with brown
;
pectus and ventral

surface of abdomen white tinged with brown. Fore wing red-

brown tinged with grey and irrorated with blackish forming

obscure streaks on the veins and above and below submedian fold,

except on the terminal area which is slightly paler except at

middle and tornus ; an indistinct waved brown antemedial line,

double at costa ; a black discoidal striga with point above it on
costa

;
postmedial line brown, defined on inner side by whitish

towards costa, oblique to vein 6, then slightly waved and incurved

below vein 4 ; the postmedial area rather darker brown with some
whitish points on costa ; subterminal line white defined on inner

side by brown, very slightly excurved below vein 7 and at middle

;

a terminal series of minute black lunules. Hind wing pale red-

brown, the cilia white tinged with red-brown at base ; the under-

side white, the costal and terminal areas irrorated with brown,

the apex suffused with brown, traces of sinuous postniedial and
subterminal lines.

1908 : Oct. 15,-1 S (type). Ejq). 20 millim.
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5589 5. CEdicodia limbata But!.

1908: Apr. 28,— 1 d > May 2,-1 $ ; May4,—2 § ; July 16,-1 2
(B.M.) ; July 17,-1 d ; July 24,-1 ? ; Aug. 15,-1 d , 1 2 ; Sept.

13,-1 2 ; Sept. 15,-1 $ ; Sept. 16,-1 $ ; Sept. 23,-1 $ ; Sept.

25,-1 2 ; Bept. 26,-1 ?; Sept. 27,-1 c? , 1 ? ; Sept. 29,-1 $
Sept. 30,-1 2 ; Oct. 1,-1 2 ; Oct. 3,-1 d ; Oct. 4,-1 2 (B.M.)

Oct. 11,—12; Oct. 13,—IJ; Oct. 14,—12; Oct. 18,—12 (B.M.)

Nav. 17,-1 2 . 19a9 : Jan. 17,— 1 2 ; Jan. 19,-1 d (B.M.) ; Feb

22,-1 d ; Mar. 10,-1 2 ; Mar. 11,-1 d ; Apr. S—ld, 1 2
Apr. 10,-1 c^ , 1 2 ; May 8,-1 d (B.M.); Nov. 23,-1 d • 1910

Jan.. 12,-1 2>

5589 c. CEdicodia MEiiANOGRAPHA, sp. n. (PL I. fig. 25, 2 •)

2 . Head, thorax, and abdomen pale red-brown ; antennae

blackish
;
palpi except at tips, pectus, legs, and ventral surface of

abdomen white, the fore and mid tibife tinged with brown, the

tarsi brown ringed with white. Fore wing pale red-brown ; a

black point on costa near base, some scales in base of submedian

fold and a slight patch of scales on the costa before the antemedial

line, which is black, waved ; a black discoidal striga, its lower

extremity touching the sinuous blackish medial line^ which is

excurved to lower angle of cell ; postmedial line blackish,

approximated to the medial line, slightly waved, oblique to vein 5,

then inwai-dly oblique; subterminal line rather diffused, black,

very slightly excurved below vein 7 and at middle ; some black

scales on termen. Hind wing pale red-brown, the termen rather

darker red-brown to vein 2 ; cilia white slightly tinged with

rufous. Underside white tinged with rufous.

1909 : Apr. 10,-1 2 (type). Exp. 24 millim.

5633 a. OzARBA semitorrida, sp. n. (PI. I. fig. 26, d -)

d . Head ochreous brown ; thorax red mixed with leaden grey-

brown ; abdomen pale ochreous ;
palpi, pectus, legs, and ventral

surface of abdomen white, the fore and mid tibiae and tarsi banded

with brown. Fore wing deep i-ed suffused with dark leaden grey,

especially towards costa, to the reniform and postmedial line, the

rest of wing white tinged with red-brown and with a red patch

on postmedial part of costa ; minute subbasal white points on
costa, in and below the cell ; traces of a waved antemedial line

defined on inner side by a whitish striga from costa ; a white

point in middle of cell ; reniform white with pale brownish centre,

narrow and oblique
;

postmedial line treble, red-brown filled in

with white, obliquely excurved from costa to vein 4, then incurved,

touching the upper and lower extremities of the reniform, three

white points beyond it on the costal patch ; subterminal line

white defined on inner side by brown, excurved below vein 7 and

at middle ; a dark brown terminal line ; cilia with brown shades

at discal and submedian folds. Hind wing whitish suffused with

reddish brovvn, the cilia whiter. Underside whitish tinged with

red-brown excejit on inner area of hind wing.
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5 . Head, thorax, and basal half of fore wing mnch redder,
sometimes crimson-red and with the markings of outer half of
fore wing crimson-red.

1908 : Sept. 22,-1 j ; Sept. 30,-1 2 (type) ; Oct. 18,-1 $

;

Oct. 22,-1 <S (type). 1909 : Mar. 24,-1 $ . Kxp. c? 18, $ 20
xnillim.

5635 a. OzARBA endoscota, sp. n. (PI. I. fig. 27, $ .)

d 2 • Head and thorax ochreous, the head between antennse

and patagia with deep red patches, the patagia with black-brown
stripes above ; antennae dark brown

;
pectus and legs white, the

fore legs dark brown in front, the tarsi dark brown ringed with
white ; abdomen white, dorsally suffused with brown. Fore wing
with the basal half ochreous tinged with red-brown, the area

below the cell suffused with dark brown except at base, the rest

of wing grey-white irroi'ated with dark brown ; slight browni

marks on costa towards base ; an oblique antemedial bi-own sti'iga

from costa and sinuous line from cell to inner margin defined on
inner side by whitish and with short brown streaks before it in

submedian fold and above inner margin ; a brown spot in end of

cell and whitish discoidal striga ; a small black spot on costa, above

end of cell
;
postmedial line hardly traceable, excui'ved to vein 4,

then incurved, some black suffusion beyond it on costa ; sub-

terminal line white, curved, a blackish patch beyond it at discal

fold ; a terminal series t>f minute blackish spots. Hind wing
whitish strongly suffused with brown ; the underside white

irrorated with brown, the terminal area suffused with brown, a

small blackish discoidal spot and curved postmedial line.

1908 : Oct. 11,-1 2 (type) ; Kov. 22,-1 c?, Uiqx 20 millim.

5637. OzARBA coNSANGUis Hmpsn,

1908: Oct. 17,— 1 $ ; Oct. 25,—1 $. 1909: Apr. 7,-1 $;
Apr. 8,-1 $.

5637 a. OzARBA hemipyra, sp. n. (PI. I. fig. 28, § .)

2 . Head whitish mixed with blackish, the upper part of frons,

antennae, and palpi blackish, the last with whitish ring at ex-

tremity of 2nd joint ; thorax black with some reddish scales

;

pectus and legs ochreous white, the fore legs with some black in

front, the tarsi banded with blackish ; abdomen reddish ochreous

irrorated with black, the basal crest and a bar before the anal tuft

black, the ventral surface ochreous. Fore wing black slightly

mixed with red to the medial line, the rest of wing fiery rufous

with a slight greyish tinge on terminal area ; subbasal line black

slightly define'd by red, waved, from costa to submedian fold
;

antemedial line black slightly defined on inner side by red at

costa and inner margin, waved ; medial line closely approximated

to the antemedial line, black slightly defined on outer side by

white, incurved just below median nervure, a black point beyond
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it on costa
;
postmedial line only defined b)^ a deeper rufous shade

on its oiiter side, excurved to vein 4, then incurved, some whitish

points beyond it on costa ; subterminal line w^iitish defined on
inner side by a deep rufous shade, excurved below vein 7 and at

middle, then waved, some deep rufous beyond it at discal and
submedian folds ; a terminal series of minute deep rufous lunules.

Hind wing whitish suflfused with brown and with a fine brown
terminal line ; cilia paler. Underside of fore wing whitish suf-

fused with brown and with some reddish ochreous at middle of

costa ; hind wing whitish irrorated with brown and with a small

dark discoidal spot.

1908 : Oct. 2,-1 2 (type). Exj). 20 millim.

5638. OzARBA HEMiMEL^NA Hmpsn.

1909: Mar. 21,-1 $ ; Mar. 28,-2 $ ; Apr. 7,-1 d ;

Oct. 5,-1 2 •

56.39 a. OzARBA hemisarca, sp. n. (PI. I. fig. 29, c? •)

(^ . Head, thorax, and abdomen ochreous Avith a faint rufous

tinge ; palpi except at tips, pectus, legs, and ventral surface of

abdomen white, the fore and mid tibife ochreous, the tarsi

ochreous ringed with white. Fore wing Avith the basal half

ochreous slightly tinged with rufous, the terminal half white
slightly tinged with olive-brown ; two slight rufous marks on
costa towards base ; traces of a waved rufous antemedial line witli

a small deep rufous spot at costa ; a red-brown medial line, oblique

and sinuous to lower angle of cell, then slightly incurved, with
minute blackish spots on it at costa and upper angle of cell and
with the area between it and the closely approximated white
postmedial line rufous, this line oblique to vein 4, then incurved

;

subterminal line whitish, defined on inner side by brown towards
costa, slightly angled inwards below costa a,nd incurved below
vein 3 ; a black-brown spot at apex and terminal series of points

;

cilia tinged with red except at apex. Hind wing ochreous white,

the area beyond lower angle of cell with a reddish tinge, the

termen tinged with brown towards apex ; cilia white. Underside
ochreous Avhite.

1908: Nov. 19,-1 6 (type). Uxp. 18 millim.

5639 b. Ozarba exolivacea, sp. n. (PI, I. fig. 30, c? .)

S . Head and tegulje pale reddish ochi^eous ; antennas brown
;

thorax white slightly tinged with bi'own
;

pectus and lea's

ochreous Avhite, the fore tibiae and the tarsi brown ringed
with Avhite ; abdomen ochreous tinged with brown. Fore wing
white irrorated Avith blackish scales, the terminal half faintly

tinged with olive-green except at apex, the costa suff'used with
brown toAvards base ; an indistinct double Avaved brownish ante-

medial line ; an oblique dark broAvn medial shade difliused to the
postmedial line and on postmedial costal area ; reniform Avith
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rufous centre and white annulus, narrow, oblique, and con-

stricted at middle, a wliitish patch above it on costa
;
postmedial

line double, dark, oblique towards costa, then excurved to vein 4,

then incurved, three white points beyond it on costa ; sub-

terminal line whitish defined on inner side by brown, slightly

excurved below vein 7 and at middle ; a slightly waved brown
terminal line ; cilia with series of brown marks except at apex.

Hind wing ochreous suffused with reddish brown especially

towards termen. Underside white irrorated with brown ; fore

wing tinged with ochreous except the inner area.

2 . Head, thorax, and abdomen ochreous ; fore wing with the

basal half tinged with ochreous, the terminal half sufi'used with

pale olive-green, the medial shade narrower and not diflused to

the postmedial line except below the cell or on the postmedial

costal area.

1908: Sept. 22,-1 $ (tyi^e) ; Oct. 15,-1 J (type). Exp.

22 millim.

5639 c. OZARBA MESOZONATA. sp, n, (PL I. fig. 31, d •)

d" 2 . Head, thorax, and abdomen white faintly tinged with

brown ; antennae brown
;

palpi brown at sides except at ex-

tremities of 2nd and 3rd joints ; tarsi black-brown ringed with
• white. Fore wing white, the basal area faintly tinged with

brown, the terminal area suffused with rufous ; tAvo slight dark

marks on costa near base ; a broad chocolate-brown medial band

edged by black lines defined by white, narrower towards costa

and slightly constricted in the cell ; some whitish points on

costa and a broM^i patch on costal area befoi'O the faint brownish

subterminal line, which is slightly excurved at middle ; a

terminal series of black strife slightly defined on inner side by
white ; cilia dark brown irrorated with grej, white at apex.

Hind wing ochreous white tinged with brown ; a fine brown
terminal line. Underside white tinged with reddish ochreous.

1908 : Sept. 19,-1 2 \ Sept. 21,-1 J ; Sept. 22,-1 $ ;

Oct. 13,-1 6 (type). 1909: Apr. 12,-1 $. Ex2). 16-

20 millim.

3639 d. OzARBA ENDOPLAGA, sp. n. (PI. I. fig. 32, d .)

(5 5 . Head and thorax ochreous white ; antennse brown
;

abdomen ochreous tinged with brown
;

palpi, pectus, legs, and

ventral surface of abdomen white, the palpi tinged with brown
towards base, the fore and mid tibia3 suffused with brown, the

tarsi brown ringed with white. Fore wing creamy white suffused

with rufous especially on terminal half; a large conical chocolate-

brown patch defined by white on medial area from below costa

to inner margin, with slight black streak above it on costa in the

male ; some whitish points on postmedial part of costa and some

brown on costa before apex ; a black-brown terminal line defined

on inner side by pale yellow which expands towards costa ; cilia

dark brown with a greyish tinge. Hind wing white tinged with
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reddish brown especially in female, the cilia whiter. Underside

ochreons white tinged with brown.

1908 : Sept. 27,-1 $ ; Oct. 11,— 1 $ (B.M.). 1909 : Apr. 19,

—1 d" (+'ype) ; Nov. 7,— 1 $ . Exp. 20 millim.

5656. OZARBA SANCTA Staud.

1908 : June 29,-1 d •

5685. OzARBA PHiEA Hmpsn,

1908: Feb. 11,-1 S^

5713. Am^na octo Gnen,

1908 : Jan. 30,-1 6 . 1909 : Apr. 7,-1 <? ; Apr. 30,-1 ? .

5718. Amyna punctum Fabr.

1908: May 29,-1 <? • 1909: Mar. 14,-2 $; Apr. 6,-1 J,
1 § ; June 25,-1 6 .

5891. EusTROTiA MiANOiDES Hmpsn,

1909 : Apr. 7,-3 $ .

5942 a. EuLocASTRA argyrostrota, sp. n, (PI. 1. fig. 33, S •)

S 2 • Head and thorax ochreous slightly tinged with rufous

;

antennae reddish brown
;

palpi brown except at tips ; tibife

and tarsi banded brown and white ; abdomen brown with

white segmental lines, the ventral surface ochreous white
irrorated with brown. Fore wing with the basal half ochreous

slightly tinged with rufous, the terminal half suffused with
red-brown and black-brown and with patches of silver scales ;.

slight subbasal and antemedial brown marks on costa and tra.ces

of a sinuous antemedial line with some silvery scales beyond it ^

a sinuous black medial line defining the inner edge of the dark
area ; an ochreous discoidal striga with some black before it

;

postmedial line black defined on outer side by ochreous, more
strongly at costa, oblique from below costa to vein 6, slightly

incurved at discal fold, oblique and slightly waved below vein 4,

an oblique brown line beyond it towards costa ; subterminal line

I'epresented by silver scales defined on inner side by blackish,

forming diffused marks below costa and at middle, excurved

below vein 7 and at middle ; a terminal seri&s of black strife

slightly defined on inner side by white ; cilia with white patches

at apex and discal fold. Hind wing whitish suffused with

fuscous brown ; the underside bluish white irroi'ated with fuscous

brown, the terminal area more suffused with fuscous, a small

blackish discoidal spot and curved postmedial line.

1908: Sept. 21,-1 $ ; Oct. 15,-1 $ ; Oct. 24.— 1 cJ (type).

Year ? : Oct. 25,-- 1 J . JSxp. 16 millim.

5984. Lophorache fulvirufa Hmpsn,

1909 : Apr. 5,-1 $ .



MOTHS FROM SOMALILAND. 121

6081. HOPLOTARACHE NUBILA HmpSll.

1908: Sept. 21 --1 §.

6081 a. HoPLOTARACHE ECTORRIDA, Sp. 11. (PI. I. fig. 36, ($ •)

Hoplotarache nuhila, ab. 1, Hmpsn. Cat. Lep. Phal. B.M.
X. p. 715.

S . Head and thorax white, the dorsum of thorax with black

scales mixed except in front ; antenn£e fuscous
;

palpi black

at tips, the frons with lateral black bai\s ; tarsi black ringed

with white ; abdomen creamy white with dorsal fuscous segmental
bands, the ventral surface white. Fore wing white ; subbasal

line defined on eachi side by grey, sinuous, from, costa to median
nervure

;
grey streaks on costa and above vein 1 before the

antemedial line, which is defined on each side by grey, waved,
some grey beyond it below median nervure; small dark grey

annuli in middlei of cell and on discocellulars ; an oblique dark

grey striga from middle of costa, spot above median nervure
and waved black line from cell to inner margin; an oblique

dark grey postmedial striga fi'om costa, two black striae beyond
the cell with some grey before them and a waved black line

from lower angle of cell to inner margin ; the terminal area

chocolate-brown, leaving an oblique wedge-shaped white patch

on costal area beyond the postmedial line and below the cell

extending to the medial line ; subterminal line white with

two small wedge-shaped black inarks before it below costa,

excurved below costa and at middle, then incurved and slightly

waved, and with black max^ks beyond it above and below vein 2

;

a terminal series of small black spots defined on inner -side by
white; cilia wholly white at middle, red-bi-own at base, with

white tips towards apex and dark leaden-grey tips at discal

fold and towards tornus and with slight blackish line through
them. Hind wing white ; the vmderside with brown spots at

middle of costa and apex and postmedial bar from costa.

5 . Dorsum of thorax grey and black ; abdomen red-brown •;

fore wing with more grey sufi'usion on the white area ; hind

wing red-brown, the cilia white at tips ; tliB underside white

sxifFused with brown, a brown discoidal bar and postmedial line

excurved beyond the cell.

1908: Nov. 19,-1 $. 1909: Apr. 6,-1 $ ; Apr. 8,-1 c?,

1 2 (types); Apr. 9,-1 $ ; Apr. 10,-2 $ ; Apr. 14,-- 1 $ ;

May 7,-1 $ 1 May 9,-1 $ .

Also in the British Museum from Br. E. Africa, Athi Valley

(Crawshay), 1 c? . Uxp. 20 millim.

6081 b. Hoplotarache c.eruleopicta, s,p. n. (PI. I. fig. 37, c? •)

S . Head, thorax, aiad abdomen ochreous tinged with rufous;

pectus, legs, and ventral surface of abdomen ochreous white, the

fore and mid tibiae and the tarsi brown ringed with white. Fore

wing with the basal half creamy white, the terminal half olive-
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brown ; subbasal line double, olive-brown, sinuous, from costa to

vein 1 ; antemedial line double, olive-broAvn ; a black point in

middle of cell and incomplete black discoidal annulus slightly

defined by white ; medial line dark, defining the pale area,,

oblique to lower angle of cell, then incurved ; an oblique Avedge-

sliaped postmedial creamy-white patch fiom costa, then a difiused

dark line, strongly incurved and with patches of silvery-blue

scales beyond it; subterminal line interrupted in places, cupreous

red defined on each side by creamy wdiite, excurved to near termen
below vein 7 and at middle, then slightly waved ; a terminal

series of black stride defined by creamy white; cilia creamy white

from vein 4 to submedian fold. Hind wing creamy white, the

veins and terminal area tinged with brown ; the underside

creamy white, the terminal area tinged with bi'own, a, small

l)lackish discoidal spot and faint brownish medial and postmedial

bars from costa.

2 . Fore wing with the basal half tinged with red-brown
;

hind wing cupreous red-brown, the cilia white at tips, the under-

side creamy white tinged with red-brown, the terminal area

suffused with red-brown, a small dark discoidal spot and curved

postmedial line.

1909: Apr. 9,-1 S ] Apr. 15,-1 $ (type); Apr. 24,-1 c?

(type). Uxp. 22 millim.

6089. Metapioplasta insocia Wlk,

1908 : May 4,-1 6

.

6091 a. AULOTARACHE PLUMBEOGEISEA, sp, n. (PI. I. fig. 34, $ .)

5 . Head, thorax, and abdomen reddish ochieous, the patagia

sufl:used with leaden grey
;
pectus, legs, and ventral sui'face of

abdomen ochreous white, the fore legs tinged with red-brown.

Fore wing brownish suflTused with leaden grey ; some ochreous

and rufous on inner margin towards base ; traces of a sinuous

dark antemedial line fi-om cell to inner margin, faintly defined

on inner side by ochreous ; claviform a very nari-ow ochreous

mark defined by som>e black scales ; orbicular on outer side

and reniform on inner side very faintly defined by black
;
post-

medial line dentate, indistinct and brown from below costa to

vein 6, then blackish and defined on outer side by yellow' and red

patches in the interspaces, oblique below vein 4 ; a terminal

series of minute black points defined on inner side by white

points. Hind wing white, the costal and terminal areas tinged

with brown. Underside of fore wing and costal ai'ca of hind

wing safl:used with reddish brown.

1908: Sept. 23,-1 6; Sept. 25,-1 $; Oct. 17,-1 2 (type);

Oct. 24,-1 $ . 1909 : Apr. 15,-1 $ ; Apr. 20,-2 $ ; May 9,

—1 2 (B.M.); May 10,— 1 $ ; May 12,-1 $. Exp. 22-

26 millim.
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6122. Takachk ZELLKiu Wllgni.

1908: Sept. 18—1 6.

6155. Tahache umbrigera Feld.

1908: May 24,-1 d . 1909: Apr. 18,-2 $.

6167. Taraciie opalinoides Guen.

Mandera.—1908 : July 17,-1 $. 1909: Apr. 9,-1 ?;
Api-. 10,-1 J; Apr. 27,-1 $.
Hargaisa.—1908 : Oct.,— 1 d , 1 $ .

6175. Tahache carnescens Hmpsn.

1909 : Oct. 22,-1 2 .

6182. Tarache hortensis Swinh.

1908: Aucr. 16,-1 $ ; Sept. 28,-1 $ ; Sept. 29,-1 d.
1909 : Apr. 7^^,-1 $ ; Apr. 8,-1 ? ; Nov. 24,-1 d

6187 a. Taraohe mesoleuca, sp. n. (PI. I. fig. 38, d .)

cJ . Head, thorax, and abdomen white, the dorsum of thoiux

behind the tegulse with grey mixed. Fore wing pale leaden

grey, the basal area with some white mixed ; a subbasal white

point below costa and streak above base of vein 1 ; a waved
white antemedial line ; a white medial band ; a black annulus in

the cell towards extremity and rather elliptical discoidal anindus;

a triangular white patch on postmedial part of costa with the

faint diffused red-brown postmedial line arising from it, strongly

incurved below vein 4 ; a very indistinct brownish subtpniiiual

line with some white on it at costa,, incurved and with white

scales on its outer edge below vein 3 ; a terminal series of black

stride defined on inner side by white on inner half ; cilia with

white mixed from vein 3 to submedian fold. Hind wing white,

tlie costal area and termen, except towards tornus, tinged with

brown ; the underside white with small brown discoidal spot.

1908: Aug. 15,-1 d (type). Krp. 18 millim.

6191 a. Tarache miogona, sp. n. (PI. I. fig. 39, $ .)

2 . Head grey-brown, the palpi white except at tips ; thoj'ax

brownish white with fuscous scales mixed
;

pectus and legs

white, the fore and mid tibife banded with fuscous, the tarsi

black ringed with white; abdomen red-brown, the ventral

surface white. Fore wing with the basal area brownish white

with some red-brown scales towards costa and a grey tinge

at base of inner margin, its outer edge rather oblique and
diffused ; a black point in the cell near base ; the rest of wing
chocolate-brown tinged with purplish grey ; a conical brownish-

white postmedial patch on costa with the blackish postmedial

line a,rising from it, incurved below vein 4 to below end of cell

and slightly angled outwards at vein 1 ; subterminal line formed
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by brownish-white scales, slightly waved, incurved below vein 3

and ending at tornus ; a terminal series of black striae ; cilia with
a slight dark line through tliem. Hind wing pale red-brown,

the terminal area darker ; cilia fuscous with a white line at base

and white tips except towards tornus ; the underside with white
patch on costa towards apex.

1909 : Apr. 10,-1 $ (type). Exjj, 24 millini.

Subfam. EuTELiAN^.

6258. EUTELIA DISCISTRIGA Wlk,

1909 : Feb. 27,-1 $ ; Apr. 20,-1 $ ; June 12,-1 '$,_

6258 a. EuTELiA grisesgens, sp. n. (PI. I. fig. 40, <5 .)

6 $ . Head, thorax, and abdomen grey, the thorax tinged with
rufous

;
palpi with the base of 2nd and 3rd joints brown ; tarsi

brownish with pale rings ; abdomen with some rufous on dorsum,
the crests and anal tuft blackish. Fore wing with the basal

area rufous defined by the deeper rufous antemedial line, which
is angled outwards below costa, then incurved ; the rest of wing
grey ; a faint reddish-brown medial line, bent outwards to the

discocellulars and incurved below th-e cell
;
postmedial line bla-ck

with some fuscous beyond it towards costa, -oblique and slightly

sinuous to vein 6, then almost obsolete and much int-errupted,

excurved at middie then incurved, some rufous beyond it at discal

fold and in subni'edian interspace ; a brownish patch -on costal

area with two white points at costa before the subterminal line,

some yellowish rufou-s below and beyond it ; subterminal line

slight, whitish and som^ewhat waved, incurved below costa and
vein 3 ; a tei'minal series of black strise ; cilia dark brown,
chequered with "white at base. Hind wing grey-white, the

terminal area ting-ed with brown and with brownish streaks

on the veins ; a fine black terminal Vme ; cilia chequered blackish

and white ; the underside with the costal area, and terminal area

to vein 2 tinged with rufous, a blackish discoidal point and
punctiform postmedial line.

1909 : Mar. 13,-1 .6 . 1910.: Mar. 14,-1 ? ; Mar. 16,-1 (^

(type). Exp. 6 22, ? 26 millim.

Subfam.. Stictopterin^.

6458. S-TENosTiCTA GRisEA Hmpsn.

1908 : Aug:, 15,-1 c? , 2 '$ ; Aug. 24,— 1 $ ; Sept. IS,— 1 f,
Sept. 21,-1 S; Oct. 15,-1 J; Oct. 28,-1 $. 1909 : F«b. 15,

—1 S; Mar. -14,-1 $; Mar. 22,-1 -c? ; Ma-r. 28,-1 <?,

Subfam. AcoNTiA'N.^.

6863. Earias instjlana Boisd.

1908 : Oct. 31,-1 <S

.
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6980. Maurilia arcuata Wlk.

1908: Oct. 25,-1 d .

7068. ISTegeta luminosa Wlk.

1908: July 11,-1 $.

7116. ACONTIA ALBAGO F.

1909 : Apr. 24,-1 $ ; Apr. 26,-1 $ .

7117. AcoNTiA GEPHYRiAS Meyr.

1909: May- 8,-1 c? .

Subfam. Catocalin.e.

7353. TJlothrtchopus tixctipennis Hmp&n,.

1909 : July 6,-1 c^ .

7362. Chelecala trefoliata Butl.

1910: Jan. 10,-2 ?.

7367. Hypotacha indecisa Wlk.

1908 : July 24,-1 c? ; Aug. 26,-1 ? ..

7423. Cyligramma latona Cram.

1909 : May 20,-1 $ ; May 21,— 1 $ ; May 23,-1 S ;

May 29,-1 6 ; May 30,-1 $ ; May 31—3 d, 2 $ ; June 1,

—8 c?, 6 ? ; June 2,-2 2 ; June 4,-2 c? ; June 5,-1 $ ;

June 6,-6 d , 4 5 ; June 7,-2 c? , 1 $ ; June 9,-1 d , 8 § ;

June 14,-1 d ; Sept. 8,-1 d 1910 : June 4,-1 $ .

7493 «. AcANTHONYX seriopuncta, sp. n. (PI. I. fig. 41, d .)

d . Head and thorax oclireoirs yellow, the tegulfe tinged with
rufous ; antennae whitish tinged with rufous ; abdomen, ochreous
white with dorsal rufous segmental lines, the ventral surface

ochreous. Fore wing ochreous yellow sparsely irrorated with
red-brown scales ; subbasal red-brown points below costa and
cell ; a minute antemedial i-ed-brown spot below costa and points

on median nervure and vein 1 ; an oblique chocolate-brown

discoidal bar tinged Avith grey, rather rounded above ; a minute
postmedial red-brown spot below costa, then a curved series

of points on the veins ; fine brownish lines on termen and
through the cilia. Hind wing white. Underside white; fore

wing with the costal area ochreous, the terminal area tinged

with ochreous except towards tornus ; hind wing with the costal

area aiid the termen narrowly tinged with ochreous.

Hargaisa.—1908 : Oct.,

—

1 d (type). Exp. 40 millim.

7667. AcH^A CATELLA Guen,

Handera.-1908 : Dec. 17,-1 2. 1909: Jan. 9,-1 d ;

May 24,-1 2 ; May 25,-2 $ ; June 7,-1 d ] July 9,-1 $ .

Durbar.—1908 : J3ec. 6,-3 d •
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7747. Parallelia aloira L.

1909 : Apr. 8,-1 6

n%ia. FaraijLelia RECTiFASciA Favvcett.

1909 : Apr. 22—1 c^ .

7786. Grammodes stouda Fabr.

1908 : May 4,-1 2 ; Aug. 28,-1 S ; «ept. 11,— 1 (J; Sept. 12,

— 1 c?; Sept. 23,— 1 J; Sept. 25,-1 $; Sept. 30,-2 ?; Oct. 1,

— 1 S. 1909: Mar. 14,-1 6', Apr. 15,-1 $; Apr. 24,-1 $;
May 9,-1 6, 4 $ ; May 10,-2 c^ , 5 $ ; May 12,-2 $ ; May 14,

—Ic?; May 21,— 1 J. 1910 : Feb. 9,-1 $ .

7792. Chalciope hyppasia Cram.

1908 : Nov. 19,-1 S •

7855.> MOCIS REPANDA F.

1909: June 4,-1 J.

8075. Cerocala illustrata Holl.

Mandera.—1908 : Feb. 11,-1 ?; Apr. 28,— 1 ?; May 28,—
1 $ ; June 30,-1 $ ; July 27,-1 $ ; July 31,-1 S ; Aug. 23,—
1 c?; Aug. 26,-1 $; Sept. 22,-1 J; Oct. 22,— 1 J ; Nov. 13,—
1 2; Nov. 25,-1 $. 1909: Jan. 9,-2 ?; Jan. 15,-1 $;
Jan. 17,-3 $ ; Feb. 14,-2 5 ; Feb. 16,-1 $ ; Feb. 17,-2 5 ;

Feb. 21,-1 d; Mar. 10,-1 $; Mar. 13,-2 ?; Mar. 17,— 3 $;
Mar. 20,-1 d , 1 $ ; Mar. 21,-1 $ ; Mar. 22,-2 $ ; Mar. 24,—
IJ , 1 $ ; Mar. 26,-4 $ ; Mar. 28,-1 $ ; Mar. 29,-1 $ ; Apr. 7,

—1 $ ; Apr. 8,-2 J, 2 $ ; Apr. 10,-1 c? , 2 ? ; Apr. 11,-3 <S ,

1 2 ; Apr. 14,-1 c? , 1 2 ; Apr. 19,-1 $ ; May 8,-1 $ ; May 10,

— 1 c? , 2 $ ; June 9,-1 d ; Oct. 11,-1 d ; Nov. 11,-2 $ ; Nov.
12,-2 ? . 1910 : Mar. 14,-1 $ .

Gan Libbah.—1908 : June 24,-1 $ .

Berbera.—1908 : Mar. 4,—2$.

8077 a. Cerocala albimacula, sp. n. (PI. I. fig. 42, j .)

c? . Head, thorax, and abdomen brown mixed with white, the

thorax mostly brown, the tegulfe dark brown, white at base and
tips ; antennae ringed black and white ; tarsi brown ringed with

white ; ventral surface of abdomen white. Fore wing whitish

almost wholly suffused with grey-brown and reddish brown,

leaving a rather quadrate white patch beyond the reniform
;

antemedial line obsolete on costal area, then double, black,

slightly sinuous, with diffused silvery and black scales before it,

the outer line slightly defined on outer side by white : orbicular

and reniform with silvery and brown centres incompletely defined

by black ; the former small, round, the latfcer with dark streak

before it in lower part of cell
;
postmedial line black slightly

defined on inner side by whitish, excurved below costa and
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between veins 3 and 2 to the subtermin.-il line, tlien retrn,c;t(Ml

upwards to lower angle of cell, waved to vein 1 tmd oblique to

inner margin, some V^laclc and silvery scales beyond it in its

sinus ; subterminal line whitish defined on inner side by black

marks and some silvery scales between veins 7 and 3, angled
outwards below vein 7 and exciirved at middle ; a waved dark
terminal line; cilia chequered brown and white. Hind wing
white suffused with reddish brown ; a dark discoidal s])ot with
some white beyond it ; an indistinct dark subtei-minal shade

with dark patches beyond it below apex and at middle with white
above them; cilia white chequered with biown. Underside
white; fore wing with round black discoidal spot, some brown
suffusion from below end of cell and fuscous sul)terminal and
terminal ma,rks towards apex ; hind wing with black discoidal

spot, some brown suffusion from below end of cell to the sinuous

brown postmedial shade, and blackish patches on termen below
apex and at middle.

5 . Fore wing with more white, especially at base and on
terminal area except at apex.

1908: Sept. 29,— 1 $ (type); Oct. 11,-1 c? (type). 1909:
Apr. 7,-1 2; Apr. 20,-1 d ; Oct. 5,-1 ?; Oct. 14,-1 $.
A'xp. 6 28, § 34 millim.

8078. OiiiROCALA OPPTA Druce.

1908: Feb. 1,-1 c?; Feb. 7,-1 $; Feb. 11,-1 6 \ Sept. 17,
--1 $ ; S.^pt. 18,-1 $ ; Sept. 21,-3 $ ; Sept. 5^2,-1 ^ ; Sept. 23,
— 1 ?; Sept. 27,-1 6; Oct. 3,-1 ?. 1909: Feb. 23,— 1 ?;
Mar. 1,-1 $; Mar. 11,-1 5; Mar. 14,-1 ?; Mar. 19,-1 ?;
Mar. 22,-1$; Mar. 26,-1 $; Apr. 6,-1 ?; Apr. 7,-1 r? ;

Apr. 8,-1 2 ; Sept.,— 1 S ; Oct. 5,-1 $ ; Nov. 6,-1 § . 1910 :

Jan. 5,-1 $ .

8092. Gnamptonyx innrxa Wlk.

Mandera.—1908 : July 17,-1 5; Sept. 19,-1 5. 1909:
Mar. 14,-1 J, 1 ?; Mar. 28,-1 $ ; Mar. 29,-2 ?; Apr. 8, --

1 ?. 1910: Mar. 14,— 1 $; Mar. 20,— 1 $.
Hargaisa.—1908 : Oct.,— 1 2 •

8117. Pericyma metalkhoa Ifnipsn.

1908: Aug. 24,-1 S. 1909: May 10,-1 $.

8125. Cortyta i.eucoptera llmpsn.

The sei'ies, besides the typica,! form, includes specimens agree-
ing with C. dis'par Piing., CJ. j'aKciolaia Wan-., G. hcdnearia J)ist,,

<7. ^m/)ar Hmpsn., and G.eremocli,roa Hmpsn., which are evidently
forms of one variable species ; they also occur together in the
Hoggar Mts., S. Sahara, vide Rothschild, A. M. N. H. (8) xvi

p. 255 (1915).—O. F. H.
1903: Mar. 22,-1 J; July 8,-2 J; Aug. 20,-1 9 (B.M.);

Sept. !(),— 1 rj ; Sept. 19,-1 c? , 1 $ ; Oct. 29,— ] J (li.M.).
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1909: Feb. 17—1 $ (B.M.) ; Mar. 11—1 $ (B.M.) ; Apr. 7,— 1 2 ; Apr. 10,-1 2 (B.M.); Sept. 21—1 d (B.M.), 1 $;
Sept. —4 d ; Oct. 14—2 d (1 in B.M.), 1 $ ; Oct. 22—1 d ; Dec.

28,-1 <S. 1910: Feb. 10,-1 $; Mar. 20,-1 c?

.

8132. CoRTYTA ROSACEA Rebel.

1903: July 17,-1 $; Oct. 2,-1 $; Nov. 25,—l]c? (B.M.).

1909 : Mar. 14,-1 d ; May 10,-1 $ ; Oct. 14,-1 ? .

8135. CoRTYTA CANESCENS Wlk.

Mandera.—1909 : Apr. 14,-1 d .

Hargaisa.—1908 : Ock,—1 $ .

Subfam. Phytometrin.i;.

8292. Phytometra ni Hiibn.

1908 : Oct. 1,-1 ? . 1909 : Apr. 6,-1 $ ; Sept.,—1 $ .

8295. Phytometra limbirena Guen.

Hargaisa.—1908 : Oct.,—1 c? .

8330. Phytometra acuta Wlk.

1909 : Mar. 30,-1 5 ; Apr. 6,-1 c? ; Apr. 29,-1 $ ; May 3,

—1 d ; May 21,-1 d •

Subfam. Noctuin^..

Pandesma anysa Guen.

1909 : Apr. 6,-1 6 •

Polydesma colutrix Geyer.

1908 : June 18,-3 $ ; July 2,-1 $ ; July 5,-2 S (1 in B.M.)

;

July 25,-1 $ ; July 26,-1 $ ; Aug. 1,-1 $ . 1909 : July 13,—1 ?.

Proconis abrostoloides Hmpsn.

1909: Sept. 17,-1 $ ; Sept.,—1 $ ; Oct. 11,-1 $ (B.M.).

1910: Feb. 10,-1 ?.

Authadistis camptogramma, sp. n. (PI. I. fig. 44, d .)

Antennie of male with fasciculate cilia.

d 2 • liea-t^ and thorax pale red-brown mixed with blackish

and some whitish; palpi with some black towards base; pectus

whitish; fore tibise with a black band, the tarsi black ringed with

white ; abdomen white tinged with reddish brown. Fore wing
pale red-brown mixed with some whitish and irrorated with dark
brown ; subbasal line black, excurved below costa and ending at

submedian fold ; antemedial line black, oblique towards costa,

then erect and very slightly angled inwards at submedian fold
;

a double sinuous blackish medial line, oblique to discal fold, then
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erect ; a curved black discoidal striga
;

postmedial line black,

strongly bent outwards below costa, then exeurved to vein 3 with
a slight inward curve at discal fold, at vein 3 retracted with a
downward curve to lower angle of cell, then erect and sinuous,

some slight blackish marks beyond it on costa ; subterminal line

blackish, slightly waved and interrupted, somewhat angled out-

wards below veins 7 and 4, then incurved ; a waved blackish

terminal line. Hind wing pure white. Underside white, the
costa of both wings slightly irrorated with brown ; fore wing
with some black points on terminal part of costa, a minutely
waved black terminal line, the cilia brown at tips; hind wing
with minutely waved black terminal line from apex to vein 2.

Ab. 1. Fore wing with the postmedial line not retracted to

lower angle of cell, but curved downwards between veins 3 and 2,

then erect.

1908: Sept. 3,-1 ?; Sept. 17,-1 $; Sept. 18,-1 ? ab. 1

(B.M.) ; Sept. 19,-1 $ ; Sept. 23,-1 d ; Sept. 24,-1 $ ; Oct. 2,

—1 § ; Oct. 3,-1 c? (type); Oct. 24,-2 J (1 in B.M.). 1909:
Mar. 10,-1 2 (B.M.); Mar. 17,-^1 $; Mar. 29,-1 $; Apr. 8,— 1 $ . Exp. 22 millim.

AUCHENISA CERURODES, Sp. n. (PI. I. fig. 43, J .)

S . Head and thorax white mixed with some rufous and black;

antennee rufous
;
palpi black towards base ; tarsi black ; abdomeii

white, dorsal ly mixed with rufous and black. Fore wing white
slightly irrorated with fuscous brown ; black streaks on vein 1

and inner margin to near middle ; an antemedial black patch
on costa with slight sinuous line from its outer edge to submedian
fold ; an oblique blackish shade just beyond the cell between
veins 6 and 2 ; a blackish discoidal spot defined at sides by
white

;
postmedial line double, the outer line black, the inner

line black at costa, then slight brown and minutely waved,
curved, from costa to vein 2, an oblique wedge-shaped black-

brown patch beyond it on costal area ; traces of an oblique

slightly waved brownish subterminal line ; a terminal series of

black striae. Hind wing semihyaline white, a black discoidal

lunule and terminal series of small black spots, minute towards
apex. Underside white ; both wings with black discoidal spots

and terminal series of striae ; fore wing with the costa suffused

with brown expanding towards apex and with white postmedial
mark on it.

1909 : Oct. 22,-3 S (including type). Uxp. 32 millim.

Catephia pyramidalis, sp. n. (PI. I. fig. 45, ij .)

<S 2 • Head and thorax brown mixed with grey-white; palpi

white in fi^ont
;
pectus white ; tarsi black ringed with white

;

abdomen whitish, dorsally suffused with brown, the crests blackish.

Fore wing grey suffused and irrorated with dark brown ; subbasal

line black, sinuous, from costa to vein 1 ; antemedial line black,

waved ; claviform defined by black ; orbicular defined by black

Proc. Zool. Soc— 1916, Ko. IX. 9
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and with blackish point in ceiitre, round ; reniform witli blackish

centre defined on inner side by white and black lines and on
outer side by white, narrow and somewhat produced at lower

extremity; medial line blackish, oblique to the reniform, oblique

and sinuovis below the cell ; a triangular whitish shade fi'om post-

medial part of costa to beyond the reniform
;

postmedial line

black, strongly bent outwards below costa, tlien excurved with

a. curve inwards at discal fold, oblique and sinuous below vein 4,

a, sinuous dark line beyond it, and some white points on costa
;

subterminal line dark bi'own, waved, angled outwards at vein 7

and excurved at middle, then incurved ; the veins of terminal

area with slight dark streaks ; a tei'minal series of small black

Innules. Hind wing white, the veins and inner area tinged with

brown, the terininal ai-ea broadly fuscous brown ; cilia white,

tinged with brown at apex, middle, and tornus. Underside
wliite, the costal areas irrorated with brown, the terminal area

suftused with biown ; both wings with blackish discoidal lunules

and postmedial line, excurved below costa, of fore wing.

Ab. 1. Fore wing with the postmedial triangidar patch whiter

and more distinct.

Ab. 2. Fore wing with black-brown fascia above vein 1 between

the ante- and postmedial lines.

1908 : Sept. 2 1 ,—1 5 ; Oct. 30,-1 $ . 1909 : Mar. 9,-1 $ ab. 2

(B.M.) ; Mar. 13,-1 $ : Mar. 26,-1 6 : Mar. 30,-1 $ ; Apr. 6,

—1 $ : Apr. 8,-1 J, 1 $ ( J is ab. 2, in B.M.) ; Apr. 10,-1 $ :

Apr. 11,-2$; Apr. 15,-19: Apr. 18,-1 $; Oct. 14,-1 6,
1 S ((^, type, B.M.); Oct. 22,-1 $; Nov. 6,-1 $ (B.M.);

Nov. 7,-1 2, ab. 1 (B.M.). 1910: Mar. 6,-1$; Mar. ]6,

—2 2 (1 ab. 1 in B.M.). Exp. 24-30 millim.

Catephia poliochroa, sp. n. (PI. I. fig. 47, 2 •)

2 . Head, thorax, and abdomen white mixed with brown
;

frons with lateral black bars
;
pectus white ; legs white tinged

with rufous. Fore wing whitish sufTused with brownish gi'ey
;

subbasal lina black, from costa to submedian fold ; antemedial

line black, oblique and sinuous to submedian fold, then angled

inwards at vein 1, a slight oblique black streak before it above
inner margin ; claviform red-brown defined by black and with

black sti'eak from it to the postmedial line, oblique, with its

upper edge extending to median nervure ; orbicular and reniform

defined by blackish except above, rather elliptical, the latter with

some fuscous in its lower part; an oblique blackish shade from
costa to the reniform, and waved line from submedian fold to

inner margin; postmedial line black, strongly bent outwards
below costa, incurved at discal fold, angled outwards at veins 4, 3,

then incurved and sinuous; a faint waved whitish subterminal

line with slight blackish streaks before it in the interspaces ; a

fine waved black terminal line ; cilia brown with a whitish line

at base. Hind wing white, the terminal area fuscous brown,

the inner area tinged with brown ; cilia white, the tips brownish
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at middle. Underside white, the costal and terminal areas
irrorated with brown ; both wings with brown discoidal spot and
subterminal shade.

1909: Ma,y 12,-1 $ (type). Exp. 40 millim.

Catephia pericyma, sp. n. (PI. I. fig. 46, J •)

cf . Head and thorax pale grey mixed M'ith brown, the tegulse

with elliptical black-defined annuli ; frons with lateral black

bars ; taisi black ringed with white ; abdomen brown mixed
with whitish, the ventral surface whitish. Fore wing pale grey
thickly irrorated with brown and black, the veins beyond the

cell with slight dark streaks ; a black-brown fascia below base of

submedian fold ; antemedial line black, excurved below the costa

and cell, incurved in the cell and below submedian fold, an
oblique black-brown shade before it on inner area, and a shade
beyond it in submedian interspace to the postmedial line, filling

in the claviform, which is large, defined by black, extending to

the cell and acute at extremity ; orbicular and reniform large,

defined by black, the former round, the latter elliptical ; a slight

oblique brown shade from middle of costa extending into the

reniform
;
postmedial line black; strongly bent outwards below

costa, then oblique to vein 6, oblique from vein 5 to below 4,

then strongly incurved, dark brown streaks beyond it on veins

3 and 2, and a black streak just below vein 2 with a slight white
mark below it beyond the postmedial line 5 a waved black

terminal line^ Hind wing white, the inner area tinged with
red-brown, the terminal area dark cupreous brown, broad at

dostaj narrowing to tornus; its inner edge sinuous; cilia white,

with brown line through them between veins 4 and 2; Underside
white 5 fore wing with the costa slightly tinged with purple, a

brown discoidal spot, a subterminal brown shade except towards
costa and inner margin, the area beyond it irrorated with pur-

plish ; hind wing with the costa slightly irrorated with purplish,

a brown subterminal shade except towards tornus with some
brown and purplish irroration beyond iti

2 i Abdomen whiter ; fore wing with the brown shade on
basal and median areas more diffused to inner mai'gin; and with
slight bfown shade before the postmedial line except towards
costa:

1909 : Mar. 14,-1 d , 1 2 (types); Exp. S 34, $ 40 millim.

OaTEPHIA MESONEPHELE, sp. Ui (PI; I. fig; 48) (S ;)

J . Head and thorax whitish mixed with dark brown; the

tegulse except at tips tinged with rufous ; frons with black lateral

bars
5
palpi with some dark brown at sides of 2nd and 3rd joints

;

pectus white ; legs tinged with rufouSj the tarsi dark brown
ringed with white; abdomen white, dorsally suffused with brown,
the crests dark brown. Fore wing grey-white tinged with brown,
the basal area sufi'used in parts with dark brown ; subbasal line

. blackj sinuous, from costa to submedian fold
] antemedial line

y*
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black defined on inner side by white, excurved below costa and afc

middle and more strongly to inner margin, where there is an

oblique black bar before it ; the medial area with oblique bright

red-brown fascia from median nervure through the claviform to

the postmedial line at inner margin ; claviform defined by black,

extending to median nervure, oblique and acute at extremity ;

orbicular and reniform with white annuli rather incompletely

defined by brown, the former with brownish centre, round, the

latter with its centre faintly defined by brown and with smfill

brown spot in lower part, large, elliptical
;
postmedial line black,

slightly bent outwards below costa then slightly sinvious, rather

oblique to vein 4 then incurved, a faint brown line beyond it to

vein 4 ; an oblique red-brown shade from apex and faint post-

medial line, angled outwards at vein 3 ; a waved black terminal

line forming points at the interspaces ; a fine white line at base

of cilia. Hind wing pure white, the terminal area fuscous brown

from apex to vein 2. Underside of fore wing white, the terminal

area broadly suffused with fuscous.

1908 : Oct. 3,-1 S (type). Exp. 24 millim.

Catephia eurymelas, sp. n. (PI. I. fig. 49, <5 •)

S $ . Head and thorax grey-white mixed with brown, the

teguUe with black lines ; frons with lateral black bars
;
palpi white

with some black at sides of 2nd and 3rd joints; pectus white:

le"s white tinged with rufous, the tarsi rufous ringed with white ;

abdomen rufous, the crests blackish, the ventral surface white.

Fore wing grey suffused in parts with reddish brown, an oblique

whitish shade from costa towards apex to end of cell ; a subbasal

black striga from costa and oblique streak above vein 1 ; ante-

medial line doable, the outer line black, the inner indistinct,

waved, angled inwards above inner margin ; claviform slightly

defined by black, narrow ; orbicular and reniform defined by

black, the former round, the latter incompletely defined on outer

side and with blackish mark in lower part; postmedial line

blackish, bent outwards below costa, then sinuous, oblique to

vein 3, then incurved, some white points beyond it on costa
;

subterminal line reddish brown, diffused on inner side, oblique,

excurved below vein 7 and at middle ; a terminal series of black

points. Hind wing white, the terminal area broadly black-brown

from apex to submedian fold, then narrowly black-brown, the

inner margin tinged with brown ; cilia white with some black-

brown at veins 2 and 1. Underside white, the terminal areas of

both wings broadly blackish to submedian fold leaving some

whitish on costa and termen of fore wing and at apex of hind

wing.

Ab. 1. Patagia and basal half of fore wing strougly suffused

with black-brown, the latter with the terminal half whiter

slightly tinged with brown and with blackish marks at apex, at

discal fold beyond the postmedial line and at termen and between

terminal parts of veins 3 and 2.
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1908 : Sept. 25,-1 ? . 1909 : Mar. 14,-2 $ ; Mar. 15,-1 $ ;

Mar. 20,— 1 2 ; Apr. 8—1 d (type), 1 2 (B.M.); Nov. 6,-1 $,
ab. 1 (B.M.). Kxp. 22-26 millim.

Lyncestis diascota, sp. n. (PI. I. fig. 50, c? .)

(S . Head, thorax, and abdomen white mixed with some grey
;

the teguhe with black band near tips, the abdomen dorsal ly

suffused with fuscous from near base to beyond middle ; tarsi

bla.ek ringed with white. Fore wing white slightly tinged v\ ith

grey, a broad oblique fuscous grey shade from costa towards apex

to inner margin beyond middle, a slight black streak below basal

half of costa, and the veins of terminal area streaked with black;

the basal area with grey shades along median nervure and vein 1

;

a slight oblique dark antemedial line from cell to inner margin;
a slight black streak in end of cell ; cilia tinged with brown.

Hind wing white, the veins towards termen streaked with black,

the apex tinged with brown ; a blackish terminal line. Underside

of fore wing suffused with reddish brown ; hind wing with the

costal area irrorated with reddish brown, a subterminal shade

from costa to vein 2.

5 . Greyer; hind wing with the terminal area broadly suffused

with black.

1908 : Sept. 16,-1 d (fype) ; Sept. 26,-1 J . 1909 : Mar. 19,

—1 d ; Sept. 20,-1 2 (type). Exp. 28 millim.

Lyncestis amphix Cram.

Year ? : Mar. 20,-1 d .

Sphingomorpha chlorea Cram.

Mandera.—1908 : Nov. 17.— 1 6. 1909: Mar. 28,-1 $;
Apr. 5,-1 J ; June 6,-1 c? , 2 $ . 1910 : Feb. 9,-1 2 •

Gan Libbah.—1908 : June 24,-1 <S ; June 26,-1 ? .

Hargaisa.

—

1909 : Nov.,— 1 d"

.

Pasipeda sambestta Wlk.

1909 : Apr. 24,-1 J ; May 21,-1 ? ; July 6,-1 J .

Oglasa cornuta Hmpsn.

1908 : Nov. 17,-1 $ . 1909 : Mar. 14,-1 $ ; Mar, 28,-1 J .

Asplenia rubrescens, sp. n. (PI. II. fig. 1, c? .)

c? 2 • Head and thorax red-brown mixed with some whitish and
a few dark brown scales

;
pectus and legs whitish, the fore tarsi

ringed with fuscous ; abdomen red-brown, the ventral surface

whitish. Fore wing bright rufous with slight dark irroration, a

whitish shade tinged with rufous just beyond the cell ; slight sub-

basal blackish points on costa and in the cell ; antemedial line

black, waved, double at costa ; a small black annulus filled in Avith

white in the cell towards extremity, and a slight discoidal lunule
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defined by blackish
; a diffused blackish medial line, excurved

•beyond the cell, then incxirved and slightly waved
; postmedial

line indistinctly double, red-brown and blackish filled in with
whitish, slightly bent outwards below costa, then slightly waved
and produced to black and white points on the veins, excurved to
vein 4, then incurved, some pale points beyopd it on costa ; snb-
terminal line whitish defined on inner side by dentate black
marks in the interspaces, excurved below vein 7 and at middle ; a
terminal series of black strise ; cilia with some white at tips.
Hind wing pale red-brown with a dfi^k subterminal shade; some
dark suffusion on terixien towards apex and a dark terminal line

;

cilia white at tips
; the undprside white tinged with rufous, a

dark discoidal point, curved redz:brown postmedial line with dark
points on the veins and slight subterminal shade.

1909 : Mar. 26,-1 ^ ; Apr. 7,-1 $ ; Apr. 8,- Ij ; Apr. 9,—
1 6 ; Apr. 10,-1$; Apr. JL-l ^ (B.M.)

; Apr. 15,-1 d ;

Apr. 20,-1 2 ; Apr. 22,-1 ^ ; Apr. 23,-1 $ ; May 7,-1 d
(B.M.), 1 $ ; May 10,-1 ^ , 1 ^ ; May 12,-1 c^ (type)

; May 21,—
1 2 • -Exp. 24-28 millim,

Tepijria^ triqonosema, sp. j\. (PI, II. fig. 2, I .)

_
2 ,

Head and tegulse yellow tinged wi^h rufous, the tegvdse
Avith a rijfous band behind them ; thorax creamy white

; {intenn«
red-bvown

;
legs slightly tinged with brown ; abdomen whitish,

dorsally tinged wiph brown. Fore wing cyejimy white slightly
irrorated with red-brown, the cqsta red-brown to beyond middle;
a conical aiitemedij^l chocolate-brqwn patch frqm just above'
medif^n nervure, its base extending to the scale-tooth on inner
margin and putwardly resting on vein 1 ; faint oblique rufous
antemedial and medial strias from costa

;
postpiedial line choco-

late-brown, arising below posta, straight to vein 4, then retracted
upwards to upper mgla of cell, then running downwards with a
slight inwards curve to submedifin fold jnst beyond the antemedial
patch, and with a triangular chopolate-brpwn patph below it
between vein 4 and submedian fold

; the area beyond the post-
medial line and below the onter part of the antemedial patch
sufiPused with red-brown shading to ochreons at term en; sub-
terminal line indistinct, dark brown, oblique, dentfi,te, angled
outwards below veins 7 and 4. Hind wing creamy white suffused
with red-brown especially towards term en ; the underside creamy
white irrorated with red-brown, the apical part of terminal area
sufiiised with brown, a sligbt discoidal spot and faint curved post-
niedial line.

1008 ; Apr, 27,-1 2 (type). Uxp. 22 millim,

PlECQBTERA POLYMpRPHA, sp. n. (pi. II. fig. 3, c? .)

J .
Head and thorax brownish white slightly irrorated with

fuscous
; antennfe brownish

; pectus and abdomen white. Fore
wing wliitp, tinged in parts with pale red-brown and jripnitpd
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with black scales ; a slight red-brown subbasal line from costa to

subiuedian fold; antemedial line red-brown, sinuous ; two small

almost conjoined black discoidal spots; postmedial line red-brown
with some diffused blackish tit costa,, straight and almost erect to

vein 4, then slightly incurved, a series of black points bej'ond it

from costa to vein 4 ; traces of a whitish subterminal line, ex-

curved below vein 7 and at middle ; the termen and cilia suffused

with red-brown
; a fine waved red brown terminal line with minute

dark points at the interspaces. Hind wing white tinged with
red-brown and irrorated with black, the termen and cilia more
strongly tinged with red -brown; a red-brown postmedial line,

excurved beyond lower angle of cell ; a waved red-brown terminal

line. Underside white faintly tinged with brown and irrorated

with a few black scales ; hind wing with black bar on upper
discocellular.

2 . Varying from whitish tinged with rufous to purplish grey
suff"use<l with i-eddish brown, the lines of both wings and discoidal

spots of fore wing often indistinct.

Ab. 1. Both wings with strong red-brown shade before the
postmedial line which is defined on outer side by white.

1903: Sept. 12,-2 $ (1 ab. 1 in B.M.); Sept. 22,-1 $;
Sept. 24,-1 c? (type). 1909: Mar. 14,-1 $; Apr. 18,-1 9;
Apr. 24,— 1 2 (B.M.); Apr. 26,-^1 2 (B.M.); Apr. 27,— 1 ?;
Sept.,—2d; Oct. 4,-1 $ ; Nov. 12,-1 § (type).

Also in B.M. from Al)yssinia, Tamasso {Degen), 1 2 • l^xj).

o0-32 millim.

Plecoptera HYPOXANxnA Hmpsn.

1903 : July 6,-2 $ .

ACANTHOLIPBS CIRCUMBATA Wlk.

1803 : Oct. 8,-1 $ .

ACANTHOLIPES TRIMEXI Feld.

1909: May 12,-1 $.

AXTARCH^A SUBFLAVALIS Wlk.

1908: Oct. 25,-1 6-

Antarchjsa fragilis Butl.

1908 : Sept. 14,-1 2 ; ^'ov. 13,-1 $ . 1909 : Oct. 14,-1 5'.

Tathorhynchus exsiccata Led.

1909: May 10,-1 J.

Ajcomis FiMBRiAGO Steph., or erosa Hiibn.

1909 : Apr. 6,— 1 5 . The females of fimhriwjo and eroaa

cannot be distinguished with certainty.
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Calpe vagabunda Svvinli.

Mandera.—1908 : May 29,-1 $ ; Sept. 16,-1 § . 1909 :

Mar. 12,-1 J ; Apr. 15,-1 $ ; Sept. 9,-1 $ .

Hargaisa.—1908 : Oct.,— 1 c^ (B.M.).

Argadesa materna L.

1909 : Apr. 6,-1 J , 1 $ ; May 21,-1 d .

Ophideres fullonica L.

Hargaisa,—1909 : July,— ! d , 1 $ .

This species and the last were often seen at light, but were not
sufficiently atti-acted to be easily captured.

Subfam. Hypenin^e.

SarMATIA INTERITAJilS Guen.

1908 : Sept. 26,-1 J . 1909 : Apr, 22,-^1 $ ; May 10,-1 $ .

SlMPUCIA CAPALIS Wlk.

1908: J^^ne 1,-1 5,

NODARJA EXTERNALIS F.

1908 : June 2,-1 d . 1909 : Jan. 16,-1 d .

Hypena strigata F. (abyssiniaus Guen.),

1909 : Apr. 6,-1 d ; May 21,-1 d ; July 6,-1 J

.

Hypena jussaws Wlk.

1909 : May 26,-1 $ . 1910 : Mar. 16,-^1 $ ,

Hypena masurialis Guen.

1909 : Apr. 6—1 2 ; Nov. 10,-1 ? ,

Rhynchina antiqualis Hiibn.

1909 : Got. 22,-1 $ .

Rhynchina perangulata, sp. n. (PI. II. fig. 7, 5 •)

c? 5 . Head, thorax,and abdomen grey-white mixed with reddish
brown

; palpi tinged with red-bi-own and irrorated with black
;

ventral surface of abdomen white irrorated with brown. Fore
wing gi^ey tinged with red-brown and irrorated with black ; ante-

medial line white, very oblique from costa to submedian fold,

where there is a small fan of raised scales below its extremity ; an
elliptical red-brown spot in end of cell with white streak below it

on median nervvire and small white patch beyond its lower ex-

tremity
;
postmedial line fine, blackish, defined on inner side by

white and on outer side also towards costa, very oblique to discal

fold where it is acutely angled, then oblique to inner margin
below the antemedial line, some white points beyond it on costa

and an oblique white shade from apex to its angle ; a .slight
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dentate white subterminal line with oblique chocolate-brown shade
beyond it from just below apex, then a series of dentate chocolate-

brown marks on its outer edge ; a fine chocolate-brown terminal
line and white line at base of cilia. Hind wing reddish brown

;

a fine dai-k terminal line ; cilia paler ; the underside whitish

tinged and irrorated with brown, a brown discoidal point and
curved postmediaf line.

1909 : Apr. 7,-1 $ (type).

Also in B.M. from Br. E. Africa,, Taveta (Rogers), 2 c? ; Mosam-
bique, 1 cJ ; Transvaal, Kranspruit (Janse), 1 5 . E.vp. 20-26
millim.

Rhynchina revolutalis Zell.

1908 : Aug. 24,-1 $ .

Rhynchina albiscripta, sp. n. (PI. II. fig. 8, d .)

Antennae of male minutely serrate, with fascicidate cilia.

(^ . Head and thorax white irrorated with broAvn
;

palpi with
the 2nd joint fuscous bi'ovvn except below, the 3rd with fuscous

band ; abdomen white, dorsally tinged with brown. Fore wing
white suffused with brown, the inner area to the postmedial line

and the termen "whiter ; antemedial line dark brown defined on
each side by white, oblique to submedian fold, then inwardly
oblique ; a minute blackish annulus in the cell towards extremity;

a slight white discoidal lunule defined by dark brown
;
postmedial

line black-brown defined on each side by white, oblique to vein 6

and below vein 4 ; some white points beyond it on costa ; a sub-

terminal series of minute white spots in the interspaces, defined

on inner side by slight somewhat dentate black marks with den-

tate white marks before them towards costa ; a fine blackish

terminal line ; cilia with white lines at base and near tips. Hind
wing white tinged with i-eddish brown ; a fine brown terminal

line ; cilia white at tips ; the underside white, the costal area and
terminal area to vein 3 irrorated with red-brown, a faint curved

postmedial line.

1908: Sept. 19,-1 6 (type); Oct. 1,-1 d •

Also in B.M. from Sudan, Port Sudan [Mrs. Waterfield), 3 c? •

Exp. 20 millim.

Rhynchina endoleuca, sp. n. (PI. II. fig. 6, S )

Antennfe of male bipectinate with short fasciculate branches,

the apical part ciliated.

(5 . Head, thorax, and abdomen grey-white tinged with brown
;

the crest at base of abdomen fuscous. Fore wing grey-white

tinged with brown ; a slight white streak in basal half of sub-

median fold, the area below it paler and tinged with red-brown
;

antemedial line represented by a striga of raised blackish scales

from costa, some black scales on inner area and a small spot

further fi'om the base below the cell ; a point of raised black

scales in the cell towards extremity and a bar fiom origin of
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vein 2 to inner margin with a slight rufous line before it ; a slight

brown line from above end of cell to vein 6, dentate at veins 7

and 6 ; some minute blackish streaks on costa towaids apex and
an oblique whitish shade from apex to end of cell with a rufous

tinge on its outer side and short black streaks in the interspaces,

ending in an oblique black bar above vein 2 just beyond the bar
below the cell ; a subterminal series of minute black strije, oblique

from below vein 3 to snbmedian fold, then erect, with a sliijlit

streak beyond it in submedian fold ; a slight sinuous blackish

terminal line and fine white line at base of cilia which are intei-

sected with black at the veins. Hind wing whitish tinged with
red-brown ; a line brown terminal line ; cilia whiter, slightly

intersected with brown at the veins ; the underside white tinged

with rufous and irrorated with brown except on basal and inner
areas, a brown discoidal point, traces of a postmedial line from
costa to discal fold and a punctiform black terminal line.

2 . Fore wing with the ba^al half sufTused with fuscous brown
to submedian fold in which the white streak is stronger and the
inner area more contrasting, the white shade from apex more
prominent.

Ab. 1 much darker.

1908: Sept. 20,-1 ^ (type); Sept. 27,-1 c? (type).

Also in B.M. from Sudan, Port Sudan (Mrs. Waterfield), 1 S ,

1 2 ; Er. E. Africa, Sabaki E,. {Gregory), 1 $ ; Kitu {Crawshay),
1 $ ; Takaunga {F. TJiomas), 1 $ ; Munisu {Lord Delamere), 1 $ .

Exp. d 20, 2 24 miUim.

Magulaba grisea, sp. n. (PI. II. fig. 4, c? •)

c? 2 ' Head and thorax black-brown mixed with reddish brown
;

pectus, legs, and abdomen grey, irrorated with dark brown, the
palpi and fore legs sufi'used with black, the tarsi ringed with
whitish. Fore wing grey-white suffused with reddish brown and
irrorated with blackish ; a sinuous blackish antemedial line ; a
white point in middle of cell and slight whitish discoidal stiiga

placed on a sinuous blackish medial shade, incurved below" the
cell ; an indistinct blackish postmedial line, excurved below costa

and at middle, incurved at discal fold and below vein 4 ; a bi'own

subterminal shade with series of more or less prominent black

marks on it, excurved below vein 7 and at middle ; a teiminal
series of black points. Hind wing grey suflused with brown and
irrorated with dark brown ; traces of two postmedial lines with
the ai-ea between them rather paler : a terminal series of fuscous

striae ; the underside white irrorated with brown, a dark discoidal

striga and rather diffused brown postmedial and subterminal
lines.

1903 : Feb. 24,-1 S (B.M.); Sept. 13,-1 J; Sept. 22,-1 6 ;

Oct. 3,-1 6 ; Oct. 29.— 1 d ; Nov. 13,-1 6 (type). 1909 :

Apr. 20,-1 6 ; Apr. 22,-1 $ (B.M.).

Also in B.M. from S. Nigeria, Sapele {Scavj^son), 1 6 . Exp.
22 millim.
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KaARDA NIGRIPALPIS, sp. n, (PI. U. fig, 5, (5.)

c? . Head and thorax brown mixed with grey : antennas blackish

slightly ringed with grey; palpi blackish; fore legs black, the

tarsi slightly ringed v.ith white ; abdomen grey suffused with

brown. Fore wing grey thickly iirorated with brown ; antemedial

line dark brown and sinnoils : a minute ochreons .spot in middle

of cell and ochreons discoidal bar defined at sides by dai'k brown ;

a rather diffused erect brown medial line
;

postmedial line dark

brown, sinuons, slightly incurved below vein 4 ; snbterniinal line

whitish defined on inner side hy brown, slightly sinnons ; a ter-

minal series of daik brown strife. Hind wing grey snft'used with

brown ; a slight brown discoidal 1 ar and some dark scales at

middle of inner mai-gin ; a curved waved brown postmedial line ;

a. rather diffused waved subterminal lino ; a terminal series of

dark brown stride; the underside whitish irrora ted with brown,

the discoidal bar and postmedial and subterminal lines more
distinct.

1908 : Oct. 25,-1 J (type). I^.rp.. 18 millim,

Fam. L Y M A N T R I D M.

EUPROCTIS FASCIATA "Wlk,

1909 : Mar. 14,-1 J . 1910 : Mar, 10,-1 c^ .

L^LIA TESTACEA Wlk,

Handera.—1909 : Oct. 6,-1 $ .

Hargaisa.—1808 : Oct.,—2 d.

Casama vilis Wlk.

1908 : May 2,—ld, 1 $ ; Mav 4,-1 d , 1 $ ; Aug. 15,-1 J

,

1 5 ; Aug. 24,-1 e 5 Aug. 25,-1 $ ; Aug. 26,-1 J , 1 ? ; Sept. 3,

1 o': Sept. 15,—Ij; Sept. 18.-2 $ ; Sept. 19,-1 2 ; Sept. 2i,—
1 c? , 1 $^

; Sept. 22,-1 c? , 1 2 ; Oct. 3,-1 2 ; Oct. 14.-1 d ;

Oct. 15,-1 2 . 1909 : Jan. 13.— 1 $ ; Jan. 18,-1 2 ; Feb, 17,—
1 d ; Feb. 25,-1 2 ; Mar. 12,-1 d ; Mar. 13—1 ^ ; Mar. 19,—
1 2 ; Mar. 24,-1 J ; Apr. 6,-1 d \ Apr. 7,— 3 d ; Apr. 8,-1 d ;

Apr. 11,—1 $ ; Apr. 14,-1 d ; Apr, 24,-1 d ; Apr. 26,-1 d \

Apr. 30,-1 d ; Aug. 17,-1 d ; Oct. 5,-1 d ; Oct, 7,-1 d ;

Nov. 25,-1 5 . 1910: Jan. 8,-1 d ..

Dasychira miserata Holl,

1903 : Aug. 26,-1 d-

Dasychira remota Druce,

Year ? : Mar. 24,-1 2

AciiONOPHLEBIA IXCONSPICUA, Sp. n. (PI. II. fig. 9, J •)

d . Head, thorax, and abdomen dark red-brown mixed with

some whitish. Fore wing whitish tinged with red-brown and
thickly irrorated Avitli dark biown. the veins with daik streaks

;
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a dark brown subbasal patch from costa to below the cell ; ante-

medial line blackish, exenrved from below costa to submedian
fold where it is slightly angled inwards ; ti'aces of a sinuous dark
medial line ; a curved black discoidal striga

; postmedial line

blackish slightly defined on outer side by white, somewhat
dentate and produced to slight streaks at veins 7 to 2, bent
outwaixls between veins 5 and 3, retracted below vein 2, and
slightly angled outwards at submedian fold and vein 1 ; some
slight whitish marks on costa towards apex; cilia brown, inter-

sected with white at veins 7 to 2. Hind wing white, somewhat
semihyaline, the veins slightly tinged with brown ; the cilia

with slight brown spots from apex to vein 2. Underside of

fore wing with the terminal area white with a subterminal
brown shade rather diffused on inner side and dentate on outer

between veins 7 and 3.

Hargaisa.

—

1908: Oct.,— 2 J (including type). Ex2y. 30 millim.

Fam. Sphingid^.

By Dr. Karl Jordan.

Serse convolvuli L.

Sphivx convolvuli Linne, Syst. Nat. ed. 10, p. 490. n. 6 (1758).

1909 : July 6,-1 $ ; Nov. 6,-1 6 .

POLIANA MICRA R. & J. (1 903).

Poliana micra Rothschild & Jordan, Nov. Zool. ix. Suppl.

p. 809, no. 766, text-fig. 6 (1903 : Somaliland).

These two males from Mandera are in a better state of

preservation than the type, and therefore appear purer grey

on the fore wing. The only difierence I notice is in the ante-

and postmedial double lines being less fiUed-in with fuscous and
a little further apart below the apex of the cell than in the type

specimen, the only example hitherto known to us of this species.

The genitalia of one of Mr. Feather's specimens have been

examined ; they are identical with those of the type.

1908 : Oct. 31,-1 d . 1909 : May 13,-1 c^ .

HiPPOTION CELERIO L.

Sphinx celerio Linne, Syst. Nat. ed. 10, p. 491. n. 10 (1758).

Mandera.— 1909 : Apr. 5,— 1 d .

Berbera.—1908 : Dec. 2,-1 $ .

HiPPOTION ROSEIPENNIS SOMALICUM, Subsp. n.

(S 2 • -^^ ^- *""*• roseipenni ala antica in disco lineis quinque

fiiscis notata distinguendum.

In true roseipennis Butl. (1882), which is known to us from
Delagoa Bay northward to British JEast Africa and Unyoro, the

fore wing bears two distinct lines in the outer half, the proximal
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line crossing the fuscous patch which is placed at the apex of the

cell, and the outer line being nearly continuous with the oblique

apical streak. In between these two lines there are at most
faint traces of two or three other lines parallel with them. In
sovialicum, on the other hand, the three additional lines are

quite distinct, the first and second additional lines being in

the male nearly, and in the female fully, as well marked as the

proximal line. In this character H. r. somalicum represents

an ancestral stage.

The genitalia do not appear to differ from those of II. r.

roseipennis.

Mandera.—1909: Oct. 14,—1 ?.
Hargaisa.—1909 : Nov.,— 1 d (type).

HlPPOTION ROS.E Butl.

Darapsa rosm Butl. A. M. N. H. (5) x. p. 433. n. 5 (1882).

1909 : Oct. 6,-1 c^ .

Fam . N o T o D o N T I D .E.

Gargetta xylochroa Hmpsn.

Mandera.-^igOS : May 29,-1 $ ; Nov. 22,-1 c? . 1909 :

Feb. 17,-1 <S.

Hargaisa.—1908 : Oct.,— 1 S .

SCRANCIA DISCOMMA, sp. n. (PI. II. fig. 10, ^ •)

$ . Head and thorax white mixed with reddish brown and
blackish, the patagia white slightly pencilled with brown; pectus

and legs white with a few brown scales ; abdomen white tinged
with brown and with slight lateral blackish spots except towards
extremity. Fore wing white irrorated Avith a few black scales,

the inner half tinged with red-brown, the veins streaked with
black except on basal and inner areas and at costa ; a small round
black-brown discoidal spot surrounded by white. Hind wing
white, the terminal area tinged with brown, broadly at costa,

narrowing to tornus ; cilia white, faintly tinged with brown.
Underside of fore wing suffused with brown, the terminal area

whiter; hind wing with the costal area suffused with biown."

1908: Oct. 15,-1 5 (type). Exp. 35 millim.

Stexostaura impeditus VVlk.

1908 : Feb. 24,-1 $ .

Fam. Geometridj5.

By Louis B. Prout.

These form, on account of the number of new and interesting

species, an extremely import-xnt part of Mr. Feather's collection.

Tiieir general affinities, as might be expected, ai'e with the fauna
of Abyssinia, British East Africa, and to some extent Socoti-a
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and Southern Arabia, and desert fdrms are strongly in evidence.
Nearly all the species are of small size, the majority belong to a
few groups (especially Acidaliids and the Macaria group), and one
extensive subfamily (the L^rentiinae) is almost absent, being re-

presented by only two specimens, while even of these one is the
somewhat ailomalous Ps'iudostert'ha philcmria. The presence, in

the groups nanled, of a nunlber Of closely allied and inconspicuous
species (in some cases also strongly variable) has rendered a
satisfactory working-out of the material a matter of no small
difficulty ; and this difficulty has been increased by a curious

and unexjilained circumstailce which deserves mention—the
very marked prepoilderance of females-, this sex alone being
represented in not a few cases where there is quite a good
series of examples-. We are not unaccustomed to meeting with
Geometrid collections iii which the males alone of many species

are present, and are able rea,dily to attribute this to the greater
activity of the sex, the fact that the colliection was made chiefly

at light, and so on ; but it is less easy to suggest what difference

in habit-, or what particular method of collecting, has resulted in

the capture of the femaUs only of so many species. That the
phenomenon is not confined to a sitlgle genus or group will be
seen by referring to the details given below, under HierochtJionia

featheri, Acidaliasiis suhbribnnescens, Tephrina, nearly the whole
of the AcidaliinsS, etc.*

tSubfam-. HemittJein^.

Ten speci'es are Represented, most of them more or less highly
specialised forms, and including two additions to the handful of
known species in which the Characteristic green colour of the
subfamily has given pl-ace to some shade of brown or sand-
colour.

YlCTORIA SEMATOPERAS-, sp. n. (PI. II. fig. 26, S •)

S ? , 32-33 mm-. Face and upper side of palpus dark red
;

crown of head, base of antenila, and basal one-third or more of

costa red mixed with lustrous blue-blackish scales. Abdomen
dorsally slightly reddish, crests lustrolis, pale on summit, then
reddish, a deep black spot (dot) near base of each. Fore wing
with tetinen almost smooth

;
green ^in all three discoloured by

relaxing) ; discal dot white, encirtled with a black-dusted red
ring; distal margin witk similarly coloured dark spots, namely a
small one in front of R\ a much larger one from R^ to beyond R^,

and a small or modemtely large one at tornus. Hind wing with
the excision between the radials not deep, discal dot as on fore

* [Aftei- the aljove paragraph was written a number of additional specimens of
Geometridse were set and added to the collection. Mr. Prout wrote (Feb. 19, 1915),
concerning these additions :—^" They do not upset m.y generalisation as to the
preponderance of females ; indeed, they rather strent>-then it, being almost ex-

clusively of that sex except in one species {Heterosteffane indularia) whose males
were alreadj' well in evidence." On this subject see also p. 93.—E. B. P.]
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wing or less clearly ringed, toi*nus with indicatibns of dark
markings. Fore wing beneath with the terminal markings
weakly indicated, hind wing quite unmarked.

1909: Mar. 14,-1 $ ; Dec. 30^—1 d (type). 1910: Jan. 2,

-1 ?.
Unfortunately all have lost the hind legs. It is evidently

a near ally of V. triplaga Prout, from German East Africa.

Prasinocyma perpulvekata, sp. n. (PI. II. fig. 25, S )

6 $ , 16-21 mm. Palpus in male rather slight for the genus,

in female about 1| times diameter of eye, with 3rd joint exposed

but rather short for the genus. Antenna of male with the outer

pectinations longish, the inner much shorter. Hind tibia of male
not dilated, the four spurs closely approximated. Head, body^

and legs concolorous with wings, the vertex appreciably p-iler

than the face. Wings rather narrower than in typicul Frasino-

C)jma, hind wing not at all bent at R', cells relatively long (fully

one-half) ; fore wing with SO' generally free, R^ not or very

shortly stalked, M^ connate or very shortly stalked, hind wing
with two stalkings. White-grey with a slight tinge of brown

^

coarsely irrorated with fuscous, the irroration under a lens

inclining to resolve itself into minute longitudinal strigulse ;

cell-spots strong, elongate. Under surface less strongly irrorated.-

Apparently variable, the name-typical, form, with uniform
irroration, the commonest ; here I refer the following :—

-

Mandera.—1908 : June 1,-1 ? ; July 17,-1 5 ; Sept. 27,-

—1 d , 1 $ . 1909 : May 10,-2 $ , 1 d (type).

Three females show on the fore wing an ill-defined dark basal

patch, dark median band from hind margin about to cell, and
dark terminal dashes between the veins : a,b. subfasciata, at), n.

Mandera.—1909 : May 10,-1 $ . 1910 : Mar.,— 1 $ (type).-

Hargaisa.—1908 : Oct.,—1 $ .

One male is smaller (16 mm.) and with still more markings,-

the median area being broadly dark-mixed in anterior half,

a dark proximal shading (forming a large, strong spot at cOsta)

indicating the position of the obsolete subterminal linCj the hind

wing somewhat shorter, with distal area somewhat dal-kened,

the antennal pectinations apparently continuing slightly less

far down the shaft : ab. perScripta, ab. n. (? sp; div.);

Mandera.—1908 : July 17,-1 J (type).

By the length of the cells and the female palpus, as well aS by the

facies (which recalls Neromia imlvereisparsa Hmpsn.), joer^ztZyera^a

should probably be made the type of a new genus.

Chlorissa stibolepida (Btlr.)*.

Comtbcena stibolejnda Btlr. Cist. Ent. ii. p. 394 (1879).

* [The parentheses around the names of authors place^l after scientific names in

this paper are used in accordance witli Article 23 of the International Rules of

Nomenclature (Proc. 7th Int. Cong., Boston 1907, p. 44 (1912j).—Editok.]
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Hemithea alhistrigidata Warr. Nov. Zool. iv. p. 39 (1897).
Hemithea vermiculata Warr. ibid. p. 41 (1897) (n. syn.).

1909: Apr. 20,—] $; Apr. 24,-1 $.
A very widely distributed African species, and perhaps not

structurally difFerentiable from C.faustinata Mill. (S. Paleearctic)

and (1. solidaria Guen. (Indian).

JSTeromia malescripta (Warr.).

Hemithea malescripta Warr. Nov. Zoo], iv. p. 40 (1897).

1903: Nov. 13,-1 d. 1909: Mar. 1,-1 ^.
Both examples small, with the crests red.

Distributed in Abyssinia, British East Africa, Transvaal, and
Natal. I have a note, dealing with the difficult group to which
this species belongs, in the press for the ' Annals of the Transvaal
Museum.'

Neromia manderensis, sp. n. (PI. II. fig. 24, 5 .)

5 ,
20-22 mm. Face and palpus red. Vertex and antenna

whitish, the latter with minute ciliation ; occiput green. Thorax
and abdomen concolorous with wings. Wings above green with
whitish strigulation, quite like the greenest forms of Chlorissa
stibolepida Btlr., costal edge of fore wing ochreous, otherwise
markingless

; fringes green, lighter distally. Under surface paler
green, costal edge of fore wing as above.

IVEandera.—1903 : Sept. 25,-1 ? (type): Nov. 13,-1 9.
1909 : May 8,-1 $ .

Hargaisa.

—

1908 : Oct.,— 1 5 (a worn example).
Hind wing less elongate than in Chlorissa stibolepida, termen

smoothly rounded ; but best distinguished by the structure.
Palpus reaching beyond frons and shortly rough-scaled, bvit

with 3rd joint small; hind tibia with terminal spurs only.
If the male antenna should prove to be pectinate, the species
should be considered a Microloxia, aberrant in the rather short
3rd joint of the palpus.

Genus Hemidkomodes, nov.

Palpus slender, in male rather short, in female moderate,
in both sexes with 3rd joint short or shortish. Tongue absent.
Antenna short and rather thick, in male with moderate, in
female with short pectinations. Pectus somewhat hairy ; liind
tibia in male shoi^t, greatly dilated (recalling that of Synclysonus),
all the spurs present, terminal very short, the outer almost
obsolete

; in female with terminal spurs well developed, median
short, sometimes entirely absent. Abdomen not crested, in
female robust. Frenulum in male slight, in female absent.
Fore wing with SC from cell, free, R' about connate with SC''%
R' rather far forward, M^ about connate or very shortly stalked
with R^ Hind wing with termen smooth, C anastomosing to
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scarcely one-half cell, DC not very oblique, SC" well stalked,

E,'^ little before middle of discocellulars, M^ well stalked.

Type of the genus : Hemidromodes rohusta Prout {Hiero-
chthonia).

A connecting link between Hierochthonia and Syndromodes
;

the absence of the male, and the curious fact that the female
examined had no trace of median spui'S (though both legs are in

good condition), led me to refer the species to the former genus.
From Syndromodes it difiers in antenna, male hind leg, robust
female abdomen, etc.

Hemidromodes robusta (Prout).

Hierochthonia robusta Prout, Nov. Zool. xx. p. 435 (1913).

6 S , 14-18 mm. ; 6 $ ,
18-24 mm.

1908 : Junel,—2 i ; July 17,-1 c? ; July 31,-1 $ ; Aug. 24,
—1 S . 1909 : Jan. 16,-1 $ *; Mar. 19,-1 $ ; Mar. 24,-1 $ ;

Apr. 11,-1 d^; May 10,-1 d; May 21,-1 $; Nov. 7,-1 $ *.

Excepting the two females marked *, all are smaller—mostly
considerably smaller—than the type specimens from Port Sudan.

In this species the fringes (which in neither of the originals

were quite perfect) are long, proximally green, distally ochreous
whitish.

Hierochthonia featheri, sp. n. (PI. II. fig. 23, 2 .)

2 ,
24-26 mm. Face green. Palpus minute, whitish. Tongue

vestigial. Antennal shaft white, pectinations long. Vertex
white; occiput green. Thorax above green, beneath white.
Abdomen robust, dorsally green, becoming white posteriorly

and ventrally. Fore wing moderately broad, SC'' from cell,

anastomosing with C, SC'^ from shortly after R\ anastomosing
with SC\ R' well stalked, R- rather extremely placed, M' shortly-

stalked ; uniform bright green, nearly as the genus Euchloris
or slightly more bluish, distal one-third of fringe white. Hind
wing moderately broad, costal margin ratlier long, apex rounded,
C anastomosing to near end of cell, R" rather extremely placed,

M' short-stalked
;
green, rather paler than fore wing, especially

towards base and costal margin. Under surface pale green.
1908: Nov. 20,-1 $. 1909: Jan. 15,-1 2; Jan. 16,-1 2"

Jan. 22,-1 $ ; Apr. 10,-1 $ ; Apr. 12,-1 $ ; Apr. 15,-1 $ ;

Apr. 22,-1 2; May 9,-1 2 (type); Dec. 10,-1 2-
Probably related to petitaria Clir., notwithstanding the broader

wings and strongly pectinate antenna. It is unfortunate that
the males in this group are still unknown.

COMOSTOLOPSIS stillata (Feld.).

Nemor'm stillata Feld. Reise Novara, Lep. Het. t. 127. fig 17

(1875).

Eucrostes rahristicta Warr. Nov. Zool. vi. p. 23 (1899).

Proc. Zool. Soc—1916, No. X. 10
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Eucrostis rufostdlata Mab. Ann. Soc. Ent. Fr. Ixviii, p. 740

(1900).

1909: May 21,-1 $.
A qviite typical example of this widely distributed African

species, extending its known range.

EUCROSTES ASTIC^MATICA, Sp. n. (PI. II. fig. 22, 5 .)

J , 15-16 mm. ; 5, 19-20 mm. Superficially very like joy^moea

iibl.* { = insnlaris Prout), but larger, of a still more vivid green,

and without the discal dots, the pale postmedian line not

discernible, or only suggested in certain lights. " Snow-white,"

in my description (Gen. Ins. cxxix. p. 246) of the costal edge,

was not absolutely accurate, as there is, in a good light, a very

delicate tinge of pinkish or violet in the white in both species.

Structurally like the African members of the genus, the male

palpus being less minute than in pygmcea, the 3rd joint in the

female leather less long and slender, and the female antenna

bi pectinate, the longest branches about twice as long as the

diameter of the shaft.

1908: Sept. 21,-1 J. 1909: Apr. 21,-1 S (type);

Apr. 22,-1 $ ; May 10,-2 $ .

ACIDALIASTIS SUBBRUNNESCENS, Sp. n.

$,14-16 mm. Much more sti^ongly and uniformly dusted

with sand-colour (sometimes more yellowish, sometimes more
brownish) than micra Hmpsn., the dark lines only weakly (in

the darkest example scarcely at all) indicated, but with very

conspicuous white lines proximally to the first and distally

to the second ; the former of these is more obliqvie than in

micra, not reaching costa, the latter forms a rathei- more
appreciable curve than in that species ; discal dot absent.

Hind wing white, becoming more or less tinged with sand-

colour towards termen, in the darkest-marked example shov,'ing

a curved white postmedian line. Fore wing beneath with white

outer line and white hind margin, hind wing all white.

1908: June 1,-1 $; June 29,-1 $ ; Sept. 14,-1 $ (type);

Sept. 17,-1 2; Sept. 23,-1 $. 1909: Mar. 24,-1 $.
Very near bicurvifera Prout (Ann. Transv. Mus., in the press),

much smaller, costa rather straighter, apex rather less sharp,

termen rather less convex in posterior half, palpus and female

aiitennal pectinations slightly shorter, markings less reddish

(more olivaceous), postmedian line almost parallel Avith termen

(in bicurvifera more oblique), hind wing rather shorter, less

unicolorous, face apparently less reddish.

* Denks. Akad. Wien, Math-nat. Kl. Ixxi. 2, Sep. p. 67 (1907). As only

separata in advance seem to have been issued of the paper of Rebel's containing

this species, and it was not noticed in the ' Zoological Record,' I do not feel to

blame for having overlooked it in the ' Genera Insectorum ' and created a

synonym.
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Subfain. Acidaliin.k.

Genus Tricentroscelis, nov.

Face rounded, markedly prominent, with appressed scales.

Palpus short, shortly rough-scaled. Tongue present. Antenna
in female minutely ciliated. Pectus and femora glabrous. Hind
tibia in female with a single proximal and a pair of terminal

spurs, all of moderate length. "VVing-shape and facies of

Acidalia, distal margins smooth. Fore wing with SC from
cell, anastomosing with SC- and then very strongly with SC^"*

(i. e. areole double and SC^ and SO'' arising before and behind the

apex of the distal areole), M^ well separate from W. Hind wing
with C normal, SO" veiy shortly stalked or almost connate with

R', M^ well separate from R^
Type of the genus : Tricentroscelis protr^isifrons^ sp. n.

Differs from the Neotropical Hcelolofhia Hulst iy-=^Calyptocom,e

Warr. = Crypsitila Warr.), which also has often a 3-spurred

female hind tibia, in the protuberant face and longer cells.

Tricentroscelis protrusifroxs, sp. n. (PL II. fig. 21, $ .)

2 , 21 mm.. Face fuscous. Palpus fuscous, not quite reaching

extremity of frons. Vertex and aiitenna similarly coloured to

wings, but rather paler ; antennal ciliation minute. Thorax
concolorous with wings. Abdomen slightly paler, 2nd-4th
segments mostly occupied dorsally by a large fuscous blotch, the
later segments interruptedly marked with fuscous dorsally. Foie
wing with apex and termen somewhat rounded ; reddish bi'own

(light grey-brown irrorated with rufous and blackish) ; ante-
median line indicated by rufous and blackish scales, accentuated
by black spots on costa and hind margin and dots on the veins,

arising before one-third costa, bent in cell, becoming oblique

inwards and sinuous ; discal dot small but sharp ; median shade
obsolescent, placed between discal dot and postmedian line,

slightly more distinct as a costal dot, outbent at radials, inbent
at fold; postmedian from costa slightly beyond two-thirds, faint

except at costa and veins, where it is marked by black dots,

angled at SC, then strongly oblique outwards to Il\ then more
parallel with termen, but slightly sinuate inwards at R^ and
more strongly at fold ; terminal dots strong, black ; fringe

somewhat dusted with blackish, a slender clear line at base.

Hind wing with termen almost smooth, very slightly sinuous
towards anal angle ; concolorous with fore wing, discal dot
slightly larger, median shade much stronger, nearly straight,

proximal to the discal dot, antemedian wanting, the rest as

on fore wing. Under surface slightly paler, the discal and
terminal dots and postmedian line reproduced, though less

sharp ; hind wing in addition with medi;in shade indicated

at abdominal margin.

1909 : Apr. 6,-1 ? (type).

Superficially similar to some African Acidalia {exi<juavia group)
or Ptijcliopoda {sbiihiliiica Prout, etc.).

10*
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Traminda eufistrigata (Hmpsn.).

Ephyra rufistrigata Hmpsn. Proc. Zool. Soc. Lond. 1896,

p. 267, ph X. fig. 3.

1908.: Sept. 28,-1 ? .. 1909: Apr. 14,-1 ?.
Described from Aden ; distributed as far as British East

Africa. As the male hind tibia has all spurs present, the

species must be removed to Traminda.

Traminoa NEPi'iJNARiA (Guen.).

Timandra nejJtunaria Guen. Spec. Gen. Lep. x. p. 3, t. 18. fig. 5

(1858).

Timandra viridaria Walk. List Lep. Ins. Brit. Mus. xxiii.

p. 800 (1861).

Gnamptoloina nepiunaria Warr. Nov. Zool. ii. p. 95 (1895).

Traminda nepUmaria Swinh. Tr. Ent. Soc. Lond. 1904, p. 562.

Mandera.—1909 : Apr. 5,-1 <5 ; Apr. 27,-1 $ .

Hargaisa.—1908 : Oct. - -1 S -

Widely distributed in Africa.

Chlorerythea rubriplaga Warr.

Chlorerythra rubriplaga Warr. Nov. Zool. ii. p. 91 (1895).

1908 : Sept. 19,-1 5 ; Oct. 25,-1 5 . 1909 : Feb. 15,— 1 $ ;

Feb. 22,-1 $; Mar. 14,-1 S ; May 10,-1 $. 1910: Jan.,—

1 ?.
The male and two females (22 Feb. and 10 May) belong to the

plain green form with the oblique red line almost entirely

obsolete ; the other four females have the line distinct, the

ground-colour showing the three gradations well known in this

group (green, green irrorated with rufous, rufeseent). Doubt-
fully distinct generically from Traminda. Widely distributed

in Eastern Africa.

ACIDALIA MINOA, Sp.. n. (PL II. fig. 20, $ >)

5 , 20 mm. Unfortunately (like so many of the species)

without the male, but showing sufiicient peculiarities to render

it safe to describe it. Absolutely without markings, very glossy,

otherwise bearing a good deal of superficial resemblance to a worn
female of Minoa mv,rinata Scop., though with narrower wings

;

similarly coloured; the fore wing beneath with a smoky sufiusion,

which is also slightly indicated on the upper surface at certain

angles of light. Head and body slightly more ochreous than

wings, the face and jaalpus sharing this colour, not—as in the

majority of Acidalia—black or fuscofis. Abdomen i-ather robust.

"Venation i-ather variable, SC^ of fore wing arising from just

before apex of areole or well stalked with the other subcostals

;

C of hind wing not ra.pidly diverging from SO, sometimes anas-

tomosing at slightly more than a point ; SC" in two of the

examples extremely shortly stalked with Pt\ Ternien of hind

wino- not at all bent in middle.



MOTHS FROM SOMALILAND. 149

1909 : Apr. 7,-1 $ (type) ; Apr. 9,-1 $ : Apr. 23,-1 ? .

_

I suspect this may prove to belong to the less specialized

section Pylarge (male hind tibia with terminal spurs).

ACIDALIA MINOEATA (Bsd,).

Geometra [Idea) mhwrata Bsd, Nouv. Ann, Mxis, Hist, ISTat. ii.

p. 263 (1833).
'? Acidalia remotata Guen, Spec, Gen, Lep. ix. p, 458 (1858).

Acidalia consentanea Walk. List Lep. Ins, Brit. Mus. xxii.

p. 745 (1861).

'^.Acidalia actuaria Walk. ibid, p, 752 (1861),

'^.Acidalia derasata Walk, ibid, xxvi. p. 1604 (1862).

1908; July 17,-1 $; Sept, 11,-2 5; Sept, 13,-1 $; Sept.

25,-1 2 ; Sept. 30,-1 $ ; Oct. 11,-1 ? ; Oct. 20,-1 2 ; Nov.
24,-1 $ , 1909 : Jan. 12,-2 $ ; Oct. 20,-2 $ ; Oct, 29,-1 $ ;

Nov. 16,-1$.
All fifteen females referable, so far as pi-esent knowledge is

available, to this veiy common, very widely distributed, and
moderately variable species. On an average, the lines are less

crenulate and moi'e concise than in the most typical forms, and
as there is some slight variation in tlie breadth of the wings, as

well as in the tone of colour and strength of markings, I am not

prepared to say that there may not be two or three species mixed.

One or two examples, in the sparseness of their irroration, recall

lactaria Walk. (List Lep. Ins, xxii. p, 744), which, however, is

possibly also only an aberrant form of minorata. Distributed

throughout Africa,, except, perhaps, the extreme noi^th-west

;

also eastward to Aden and, if actuaria is really the same specie,s,

to India and Ceylon.

Acidalia spoliata Walk. (?),

Acidalia spoliata Walk. List Lep, Ins. Brit, Mus, xxii. p, 744

(1861).

1908 : Nov. 22,-1 $ .

The single example is of the Qiiiiwrata group, larger than that

species, somewhat less reddish and more marked than inter-

nataria Walk, (List Lep. Ins, xxii. p, 746), very likely a deeply

coloured form of spoliata Walk, (from S. Africa), or, perhaps, a

form of the widely distributed Oriental species, nesciaria Walk.
(List Lep. Ins. xxii, p. 750),

Acidalia horiochr<ea, sp. n.

5 , 20-23 mm. Face blackish. Palpus white beneath, dark-

mixed above. Vertex white. Collar pale ochreous. Thorax,

abdomen, and legs concolorous with wings, fore femur and fore

tibia infuscated above. Foi'e wing of meditnn breadth, Avith apex
moderately pointed ; dirty white, irrorated (variably in strength

in the different individuals) with brown-grey ; lines moderately
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strong, tliongli resolving themselves under the lens into con-

densed irroration ; antemedian slender, generalljr indistinct ante-

riorl}', oblique outwards from one-third costa, strongly recurved

in cell, oblique inwards to about one -fourth hind margin,

faintly sinuous ; discal dot small but sharp ; median line

thicker than the others, well beyond discal dot, very strongly

oblique outwards from costa, very sharply bent subcostally,

thence very slightly obliquely inwards and sinuous, the sinu-

osities being, as usual, at the folds, but never very deep, some-
times scarcely appreciable

;
postmedian fine, midway between

median and termen or slightly nearer to the former, parallel

with termen except at costa, where it makes a bend, though
less sharply than the median, sinuosities slight or very slight;

subterminal indicated by absence of irroration, accompanied
proximally by a band of stronger irroration, distal ly by a hand

of browner tone, sometimes partly obscured by the grey irro-

I'ation, but always noticeable, usuallj^ clearest anteriorly, not

I'arely showing a bright brown, almost ferruginous spot near

apex ; a narrow white line separates this band from the tei-minal

line, which is black, thickest between the veins, slightly inter-

i-upted at the veins and extends round the apex for some distance

along the costa, as in the sidmuotaia group ; fringe with a line

of stronger in'oration beyond the middle, distally hereto less

strongly irrorated than proximally. Hind wing with termen
not bent at R^ ; first line absent ; median just proximal to

discal dot, obsolete anteriorly
;
postmedian slightly sinuous, nearly

parallel with termen ; distal area nearly as on fore wing, the

brownish band fading out at apex instead of becoming more
conspicuous, the terminal line not extended round apex ; fringe

as on fore wing. Under surface more weakly marked, that of.

fore wing somewhat suffused basally, that of hind wing whiter

;

first line and sometimes median shade obsolete or nearly so.

1908 : Aug. 24,-2 2 • 1909 : Jan. 16,-1 $ ; Jan. 19,-1 2 ;

Feb. 18,-1 $; Feb. 19,-1 $ ; Apr. 22,-1 $; May 10,-1 5;
May 29,-1 $ ; Aug. 17,-1 $; Sept. 17,-1 $ (type); Dec. 30,

—1 $ . 1910 : Jan. 8,-1 5 ; Jan. 12,-1 $ .

A. very distinct though unostentatious little species, recog-

nizable especially by the charactei-s printed in italics.

AciDALiA (Pylakge) xepheloperas, sp. n.

cj , 16-23 mm. ; 5 ?
19-23 mm. Superficially like GlossotropJiia

romanaria Mill., and rufomixtcita Rbr., but structurally an Acidalia

of the section Pylarge. Best described by a comparison with
the well-known A. submutata Tr., with which it entirely agrees

in the markings (though these are, on an average, more sharply

expressed), inchiding the continuation of the black terminal line

round the apex, and the tendency (sometimes very strong) to

blue-grey clouding in the distal area. Much smaller
;
ground-

colour varying from ochreous whitish to reddish sand-colour

(much as in jralcJiellata Fab.), antenna! ciliation in both sexes

longei'. male hind tibia with a pair of spurs, face pale in lower
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half, termen of fore wing slightly more curved, of hind wing
not subcrenulate ; terminal line accompanied proximally by a fine

whitish line (as in pulchellata), and on the fore wing expanded
into a large triangular dot anteriorly to SC", fringe more strongly

dark-dotted than in submutata ; under surface glossy, that of

hind wing scarcely paler than that of fore wing, discal dots

rarely quite obsolete, fore wing generally with noticeably dark-

ened border distally.

1908: Feb. 13,-1 ?; Sept. 15,-1 d; Sept, 22,-1 $ ; Nov.
13,-1 2 1909 : Jan. 12,-1 $ ; Jan. 20,-1 $ ; Feb. 18,-1 d ;

Mar. 24,-1 J (type) ; Apr. 14,-1 $ .

There is also a male from Port Sudan (Mrs. E. N. Waterjield)

in coll. Brit. Mus., and a larger one from Bhuj Kutch {Lt.-

Colonel C. G. Nurse).

Rather variable in colour and in the strength of the markings.
Related to Acidalia [Pylarge) ocellicincta Warr. (Nov. Zool. viii.

p. 9), from British East Africa.

Acidalia pulchellata Fab.

Phalena pulchellata Fab. Ent. Syst. iii. (2) p. 171 (1794).

Acidalia addictaria Walk. List Lep. Ins. Brit. Mus. xxii.

p. 749 (1861).

Craspedia addictaria Hmpsn. Faun. Ind., Moths, iii. p. 429

(1895).
"? Craspedia rufinuhes Warr. Nov. Zool. vii. p. 91 (1900).

1908 : May 4,-1 S 1909 : Mar. 24,-1 $ ; Apr. 24,-1 $ ;

May 6,-1 $ . 1910 : Mar. 18,-1 $ .

Mostly of a more ruddy form than the Indian. The British

Museum collection has one quite similar from Aden.

Acidalia timia, sp. n, (PL II, fig. 19, $,)

5 , 21-26 mm. Face blackish fuscous, veiy nai-rowly pale-

edged beneath. Palpus fuscous above, pale beneath. Antenna
(as in nepheloperas) unusually strongly ciliated for a female, the

cilia fully one-half as long as diameter of shaft. Vertex, thorax,

and abdomen concolorous with wings ; collar ochreous. Fore

femur darkened on upper side. Fore wing with apex not very

sharp, termen straight anteriorly, gently curved posteriorly, not

extremely oblique
;
palest fleshy ochreous, rather glossy (similar

to heckeraria Led., but still paler), without dark irroration, but

in places slightly clouded with less whitish fleshy-ochreous

;

antemedian and median lines (or nari-ow shades) ochreous, very

feeble, sometimes almost entirely obsolete, the former sometimes

marked with darker dots on SC, M, and SM^ ; discal dot usually

distinct, sometimes elongate, placed on the median shade
;
post-

median line fine and faint, but marked with fuscous dots on the

veins (a larger one at costa), shaped about as in heckeraria
;

darker ochreous, fuscous-dotted spots or patches commonly follow

the postmedian between the radials and at po»sterior margin
;

terminal line ochreous, very feeble, especially posteriorly ; fringe
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concolorons, in strongly marked specimens with dark oclireons

or even fuscous-mixed dots. Hind wing with termen smooth;
concolorous with fore wing, discal dot and postmedian row of

dots present, the latter followed by a not very strong band of

ochreous shading. Under surface glossy, slightly less pale

ochreous (especially the fore wing), without markings.

1908 : Mar. 24,-1 ? ; Aug. 15,-1 2 ; Sept. 26,-1 $ . 1909:
Jan. 14,-1 2; Jan. 20,-1 $; Apr. 16,-1 5 ; Apr. 20,-1 $;
May 8,-1 2 ; Oct. 7,-1 $ (type). 1910 : Jan. 8,-1 $ .

Apart from the colour, and the presence of dark cloudings

distally to the postmedian line, this neat little species differs from
heckeraria in having the termen of the fore wing, on an average,

less oblique.

ACIDALIA PYRRHOCHRA, Sp. n. (PL II. fig. 18, $ .)

$ ,
23-25 mm. Structure of the preceding. Face blackish

fuscous (in all three examples badly abraded below). Shape and
essential markings of timia, of which it might possibly be an
extraordinarily dijSerent colour-form, unconnected with the name-
type by any transitions. Strongly rufous ochreous, as in ftdvi-

color Hmpsn. (Nat. Hist. Socotra, p. 331), or the most rufous

aberration of nephelojyeras Prout, in two of the examples finely

irrorated with blackish, in the other more uiiiform ; in place of

the two ochreous patches which characterize ti'inia there is a

continuous black-grey clouding proximally to the dentate sub-

terminal line (which is, in consequence, distinctly expressed),

and some slighter shading distally to the same—altogether re-

calling certain forms of marginepunctata Goeze, neplieloperas

Prout, etc., more than iimia. Under surface rather paler than
upper, the distal cloudings faintly indicated in gi-eyish.

1908: Oct. 30,-1 ? (type). 1909: Apr. 9,-1 $; Nov. 16,

1 S.
The last-mentioned (the example without blackish irroration)

is further aberrant in having the distal cloudings extremely
weak, the discal dot of the fore wing surrounded by an ill-defined

deeper reddish spot, that of the hind wing very minute. Easily

distinguished from the reddest form of neplieloperas by the
absence of black terminal line and triangular subapical dot, etc.

ACIDALIA LURIDATA (Zell.).

Idcea luridata Zell. Isis, 1847, p. 20 {nee Stgr.)..

Acidalia ccenosaria Led. Verb, zool.-bot. Ver. Wien, v. p. 209,

t. 3. fig. 3 (1855) (ab.).

Acidalia laridata Prout, Seitz Macrolep. iv. p. 64, t. 4e (1913).

1908 : July 31,-1 $ ; Aug. 25,-1 2 • 1909 : Jan. 12,-1 2 ;

Feb. 22,-1 6 ; May 8,-1 d ; Sept. 18,-1 2 ; Oct. 24,-1 2 •

Fairly typical, i. e. luther darker than, and not quite so reddish

as, the form ccenosaria Led., which is the more general in

S. Europe and Asia Minor. The distribution of the species
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extends from Greece and Noi'thern Egypt to Zerafslian and
N. W. India, and the British Museum has an example from
Yemen, Arabia, but the present specimens extend its known
range in Africa.

ACIDALIA SAGITTILINEA (Warr.),

Craspedia sagittilinea Warr. Nov. Zool. iv. p. 219 (1897).

1909 : Feb. 15,-1 S ; Feb. 16,-1 J ; Feb. 17,-1 d •

Described from Mombasa, and I have seen a few from other

localities in British East Africa. Both these Somaliland ex-

amples ar-e rather less strongly marked (especially beneath),

the median shade faint, placed midway between discal dot and
post-median line.

Glossotrophia disparata somaliata, subsp. n.

2 1 17-19 mm. Name-typical disparata Hmpsn. (Nat. Hist.

Socotra, p. 332, Craspiedia) has never been described, its recog-

nition hitherto depending on a good, though uncoloured figure

(ibid. t. 20. fig. 18), and a note by Rebel (Denks. Akad. Wien.
Math.-nat. Kl. Ixxi. 2, Sep. p. 69) to the efi'ect that it belongs to

the confinaria grow^ of Acidalia (i.e. Glossotrophia Prout), and
that the male antenna might almost be called shortly pectinate

{i. e. subdentate with fascicles of cilia). It is the smallest of the

genus ; male hind tibia with one spur, hind wing slightly less

regularly rounded than in the typical species (slightly bent at

R^) ; sand-colour with dense dark irroration, not " fiuted " as in

romanaria Mill., terminal line (except towards apex) broken into

very short, strong dashes, at and round apex fine and less pro-

nounced tha,n in most of the species. Face concolorous. Palpus

dark-mixed on outer side. Tongue moderately long. Subsp.

somaliata (bon. sp. ?) is rather larger, fore wing slightly longer,

irroration much lighter, showing a feeble tendency towards the
" fluting "

; terminal dashes more slender and less black, apical

line somewhat more pronounced. Palpus with less darjv spotting

on outer side.

1908 : Sept. 14,-1 $ . 1909 : Jan. 11,-1 $ (type).

Zygophyxia tornisecta, sp. n,

S , 14 mm.; $ , 16-19 mm. Face and palpus fuscous. Tongue
slender, rather short. Antennal ciliation in male moderately

long. Vertex white. Collar white, with a slight ochreous tinge.

Thorax, abdomen, and legs concolorous with wings. Hind tibia

in both sexes with terminal spurs. Wings less narrow than in

relictata Walk, (the type of the genus); fore wing only slightly,

hind wing decidedly, narrower than in elongaria Rbr., which in

some respects it rather recalls ; hind wing with shallow, rounded
excision from M~ to tornus, inner mai'gin consequently shortened.

Dirty white with a tinge of brownish, and with moderately

strong fine brown-grey irroration ; discal dots small, black ; lines

generally not sharply defined (in the male particularly weak),
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those of the fore wing approximately parallel with the termen,

the slender autemedian and broad (sometimes sti'ong) postmedian
perhaps sliglitly more oblique and with a strong proximal bend
at costa, the median touching the distal edge of the cell-dot,

postmedian slender, proximal subterminal broad, distal subter-

minal very weak ; first line of hind wing absent, median shade

rather straight, except the sharp anterior bend ; termen with
black dots between the veins ; fiinge dvisted with fuscous, most
thickly opposite the veins, a fine pale line at its base, a broader

one just beyond the middle. Underside similar or more blurred.

1908 : Auo-. 15.— 1 $ . 1909 : Feb. 28,-1 6 (type) ; Mar. 24,

—1$; Apr.l5,-1$.

Ptychopoda subtorrida, sp. n. (PI. II. fig. 17, 5 .)

$ , 18 mm. Face and palpus black. Vertex, antenna, thorax,

abdomen, and fore leg concolorous with wings (other legs lost).

Fore wing rather narrow ; light ochreous brown, almost entirely

suffused with vinous, less so basally and costally ; scattered black

irroration ; lines black ; antemedian from one-fourth costa,,

oblique outwards, very acutely angled in cell, then equally obliqiie

inwards to behind M, thus forming a V-mark, a second, much
shorter angle outwards at fold, but the entire posterior half of

the line less strong, more dissolved into coai'se black dots ; median
line from mid-costa, sinuous in S- shape, the anterior (outward)

curve crossing the deejj-black cell-spot
;
postmedian from costa

at nearly three-fourtiis, forming an inward curve or bend at first,

sharply angled outwards at R' (forming a shorter V than the

antemedian), weakl}^ incurved between the i-adials and boldly

between IVP and SM", finally oblique inwards at hind margin
;

distal area with blackish cloudings, the most conspicuous being

one at R^ (interrupted at the position of the obsolete subterminal

line) and a longitudinally elongate pair on either side of M'

;

rio terminal line ; fringe very long, its proximal half light

ochreous brown, opposite the veins with amorphous spots formed
of groups of black dots, distal half paler and somewhat greyer,

unmarked. Hind wing rather narrow, with termen almost

smooth, not very strongly convex ; more strongly irrorated than
fore wing, especially at base ; first line not developed ; median
thick and somewhat diffuse, proximal to the sharp black cell-

spot
;
postmedian as on fore wing, but with the angle at R^ less

pointed ; distal area with two somewhat sinuous bands of dark
irroration, enclosing a pale subterminal line ; fringe as on fore

wing. Under surface considera,bly paler, costal margin of fore

wing finely dark-dusted, the rest rather smooth and glossy ; both
wings ^Yith strong discal spot (larger than above) and a moderately
strong outer line, starting from a slightly enlarged spot at costa

wdiich corresponds to the origin of the postmedian of upper
surface, but oblique outwards, bent about R\ thence approxi-

mately parallel with termen, corresponding to the proximal sub-

terminal dark shade of the hind wing above ; fringe unspotted.
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1909 : Mar. 24,-1 2 (type).

Near torrida Warr. (iSTov. Zool. xi. p. 468), termen of bind

wing less protuberant, antemedian line more acutely angled, not

connected with median by dark shading, under surface more
strongly marked.

Ptychopoda kighosticta Warr. (?).

Ptycliopoda nigrosticta Warr. Nov. Zool. iv. p. 61 (1897).

1908 : Feb. 24,-1 $ (rather worn).

The large discal dots and the markings, so far as they can be

made out, suggest the more mottled foims of this species, but the

former are perhaps somewhat exaggerated, the wings are rather

more coarsely dusted, with stronger dark markings near the

termen, the underside with the cell less infuscated and with the

spot near the tornus apparently wanting. Described from Natal

and occurs in the Transvaal and, perhaps, British East Africa,

but it is b}^ no means certain that these more northerly speci-

mens belong here ; they may be slightly narrower winged. Good
specimens, and especially the male, must be awaited.

Ptychopoda sp.

1908 : Aug. 26,-1 $ . Rather rubbed.

Probably new, unless it be a foim of suhpurpurata Stgr. (from

Syria, etc.). Rather uniform reddish sand-colour, very weakly
marked : fore wing with traces of a strongly sinuous darker

median line, hind wing with fine, strongly sinuous postmedian

line ; both these lines marked with some fuscous dusting.

Ptychopoda aperta, sp. n. (PI. II. fig. 16, S .)

cJ, 17 mm. Face dark fuscous. Palpus short and slender,

dark fuscous. Tongue slight. Antennal ciliation scarcely longer

than diameter of shaft. Head, boily, and legs about concolorous

with wings ; fore leg fuscous above ; abdomen dorsally belted

with fuscous. Fore wing with all the subcostals on a common
stalk, through suppression of distal wall of areole (base of

SC^~^) ; brown with a tinge of reddish and with rather coai'se

blackish-fuscous irroration, mainly longitudinal in direction

;

base more strongly irrorated costally ; first line ill-defined, bent,

becoming oblique inwards, with some black marking near costa
;

median shade also ill-defined (especially in anterior half), strongly

sinuous, the proximal curve in submedian area being rather deep;

postmedian line well expressed, from a black spot at two-thirds

costa to one at about three-fourths hind margin, forming a slight

outward curve from SC^ to M"* and a stronger submedian inward

curve, marked throughout with small dark dashes on the veins ;

some broad, vague, irregular dark shading between this and

termen ; fringe with large black spots opposite the veins. Hind
wing with termen somewhat sinuate towards tornus : M' separate

at its origin from R'' ; concolorous with fore wing, the median
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and postmeclian lines strongly expressed ; distal area and fi-in)2;e

as on fore wing. Under surface paler ; fore wing very weakly

marked, only the postmedian line showing, and that faintly
;

hind wing with median and postmedian lines, though much
weaker than above ; fringes with the dark spots pr-esent, but

weaker than above.

1909 : Jan. 13,—IJ (type).

In some respects similar to Pt. semilinea Warr, (ISTov. Zool, iii.

p. 314), from the Khasia Hills. Remarkable for the subcostal

venation of the fore wing, which is like that of Chrysocraspeda

and almost unique in Ptychopoda ; I know of only one species

which shares tke peculiarity, namely marginata Swinh. (Tr. Ent.

Soc. Lond. 1894, p, 182), unless chrysociliu Hmpsn. (111. Het. viii,

p. 124) is also a Ptyckojmda -, in any case none of the three has

any connection with GhrysocQXtspeda, whick has strongly pectina,te

male antenna, hind tibia with four spurs, cell of hind wing
short, etc,

Subfam. LARENTiiNJi:,

PsEUDOSTERliHA PHIL^ARIA (Brabant).

Sterrha philmaria Brabant, Bull. Soc. Ent. Fr. 1896, p, 384,

Psettdosterrha gayneri N", Rthschd. Nov.. Zool. viii. p. 433

(1901); xii. t 4. fig, 10 (1905).

1908: Sept. 16,-1 $.
Described from Egypt, I suspect, however, it is merely a form

of—or even entirely synonymous with

—

Ps. pcndlula Swinh,

(Proc. Zool. Soc. Lond, 18B6, p. 456), from India.

EuPHYiA (Camptogramma) natalata (Walk.),

Scotosia natcdata Walk. List Lep. Ins. Brit. Mus. xxv. p. 1681

(1862).

Scotosia richritincta Hmpsn. Bulk Liverp. Mus, ii.p, 38 (1899),

Hargaisa.—1908 : Oct. —Lj .

Widely distributed in East Africa, also Socotra.

'Subfam, Geometrin^e,

Hetebostegane indularia (Guen.),

Stegania indularia Guen. .Spec. G6n. Lep, x. p. 46 (1858).

Handera.—1.908 : Apr, 27,-1 6 ; May 2,-1 $ ; May 28,-1 $

;

June 1,-2 c?, 4$; J.iane 18,— 1 c? ; June 29,—2 (^ ; July 8,—
1 J ; July 17.,— Lc? ; July 24,-1 6 ; July 31,-1 <S ; Sept. 13,—
3 d , 1 $ ; Sept. 14,-1 <S ; Sept. 17,—2 6 ; Sept. 22,-1 6 ; Sept, 24,

4 c? , 1 $ ; Sept 26,—2.c? , 1 § ; Oct. 1,-1 J ^ 1909 : Mar. 24,—
1 $ ; Apr, 8,-1 S ; May 10,-1 $, 1910 : Mar. 2,-1 $ ,

Hargaisa.—1908 : Oct.,—1 cf .

The series from Mandera shows the usual range of variation in

ground-colour and intensity of markings, but nearly all are of

small size.
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The' ni'ale' froan Hargaisa may perhaps be referred tc ab. cali-

data Warr. (IS^ov.. Zool. iv. p, 78), though the ground-colour

remains pale ; all three lines are strongly developed
; possibly a

distinct species, as the palpus looks a little stronger and the

antennje (unfortunately damaged) may have less long ciliation.

Described from Abyssinia, but extendS' through eastern Africa

to the Oape,

Zamaeada secutaria (Guen..).

Stegania secutaria Guen, Spec. Gen. Lep.. x, p. 45 (1858).

Zamarada pidverosa Warr. Nov. Zool. ii. p. 158 (1895).

Maiidera.—19Q8 : Sept. 23,-1 S .

Hargaisa.—1908 : Oct.,— 1 J .

Both are small, the Hai-gaisa example rather worn, but
apparently more weakly dusted than usual.

This specieS' is likewise distributed from Abys&inia to the
Cape,

OSTEODES PROCIDATA Guen., Subsp. ERITREENSIS Prout.

Osteodes prooidata Guen.. Spec. Gen.. Lep. x. p. 177 (1858).
Osteodes tihrhidentata Guen. ibid. (1858).

Aspdates semispurcata Walk. List Lep. Ins. Brit. Mus. xxvi.

p. 1679 (1862).

Gan Libbah.—1908 : June 24,-1 S . 1909 : Nov. 4,-1 $ .

Both with the dark borders strong (subsp. eritreensis Prout,
Nov. Zool. xxii. p. 348,. described from Eritrea).

Distribution as in the two preceding. Warren (Nov. Zool. ix.

p. 529) apparently regarded Guenee's two forms (from Abyssinia
and the Cape) as separate species, but Guenee's descrijjtions and
the material before me- suggest that Swinhoe (Tr. Ent. iSoc. Lond.
1904, p. 504) is correct in uniting them.

D^SCALMA SUBCURVARIA (Mab.).

Tephrina siobcurvcD-ia Mab. Ann. Soc. Ent. Fr. Ixvi. p. 278
(1897).

Hargaisa.—1908 : Oct.,—! d •

This species, apparently common throughout East Africa from
Abyssinia to Natal, and originally described as from West Africa,

has been mixed in our Biitish collections with ohservata Walk.
(List Lep. Ins. xxiii. p. 963) from the Cape, but I doubt the
correctness of this ; the latter, apart from its much darker and
rather more reddish colour, has the median shade of the fore

wing more oblique and the postmedian line rather further froin

the termen.

D.ISCALMA PUERILIS,. sp.. n. (PL II. fig. 15, c? .)

cJ , 16 mm. Face apparently without projecting cone of scales.

Antennal joints scarcely projecting, the cilia scarcely as long as

diameter of shaft. Head, body, and legs concolorous with wings

;

hind tibia dilated, with long hair-pencil, tarsus rather short.
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Fore wing with fovea slight, S0'~'^ coincident, touching G at a

point ; dirty white irrorated with brown-grey, leaving clearer a

slight, ill-defined antemedian band (at least towards hind margin),

a fairly broad but exceedingly ill-defined band just distally to the

cell-dot and especially a broad, somewhat sinuous subterminal

line, from costa at less than 1 mm. before apex to tornus, slightly

dark-shaded proximally, especially at costa and hind margin ; a

small discal dot near costa at middle ; a slightly darkened terminal

line, interrupted at the veins ; fringe pale (whitest proximally),

traversed in middle by a fine grey line and cut throughout its

length by brown-grey spots opposite the veins. Hind wing with

tennen almost smooth (scarcely waved) ; similar to fore wing, but

with pale band-like markings scarcely indicated, subterminal line

not quite so conspicuous as on fore wing ; no discal dot
;

indications of a dark spot (end of a line) about middle of inner

margin. Under surface similarly but more faintly marked

;

discal dot of fore wing absent.

1910; Feb. 14,-1 6 (type).

A very distinct though modest little species ; it may be

pictured by imagining a miniature editioii of the North American
" Sciagraphia " nubicidata Pack., exceedingly washed-oiit, dark

lines of hind wing absent; structure as in that species, wings

slightly narrower.

DiSCALMA CALVIFRONS, Sp. U. (PI. II. fig. 14, c? •)

c? 17-20 mm. Face rather protuberant, rough, almost scale-

less, with small horny prominences at upper and again at lower

edge. Palpus rather short, rough-scaled, grey mixed with fuscous,

3rd joint very small and blunt. Antenna with joints projecting,

the ciliation about as long as diameter of shaft, arranged in very

slender even fascicles. Thorax and abdomen concolorous with

wino-s, the patagia in front more fuscous. Hind tibia with hair-

pencil. Fore wing with fovea ; not broad, the termen being

rather straight and moderately strongly oblique ; SC^'^ coincident,

sometimes free, sometimes slightly connected or anastomosing at

a point with one or both of the adjacent veins ; white-grey,

ii'rorated with brownish fuscous ; discal dot black, vaiiable in size
;

lines fuscous, irrorated more or less with blackish, sometimes

sharply dark at costa ; antemedian from nearly one -fourth costa,

oblique outwards, strongly angled in front of M, then oblique

inwards to M, here sometimes marked with a blackish dot, then

running perpendicularly to hind margin, occasionally with a very

slight curve inwards ; median line very variable in strength and

thickness, usually crossing, sometimes just proximal to, the discal

dot almost straight except for a small proximal bend at costa

;

postmedian from before three-fourths costa, vertical or (oftener)

slightly oblique oiitM^ards, curved or angled at Il\ thence about

parallel with termen, marked with blackish vein-dots, sinuate

inwards in submedian area and slightly oblique outwards at hind

margin ; distal area (at least in its proximal half) clouded with
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dark grey, with a distinct, sinuous, whitish, subterminal line,

which is rather thick in places, and especially widens at costa so
as almost to reach apex

;
proximally to the subterminal an

irregular blackish spot between E,'' and M\ sometimes also

anteriorly to R^ ; termen with a row of moderately thick blackish
dashes ; fringe weakly dark-chequered opposite the veins. Hind
wing with termen almost perfectly rounded, sometimes with a
slight suggestion of prominence at W and sinuosity in front of

the same ; similar to fore wing, without the antemedian line.

Fore wing beneath somewhat more suffused from base to median
shade ; discal dot weak ; the shade between postmedian and sub-
terminal strengthened into a dark band, without the blackish
spot, the subterminal itself obsolete ; band between median and
postmedian lines, also the posterior half of distal area (or at least

a patch behind E.^) somewhat whiter than above. Hind wing
beneath whitish, with median shade, discal dot and outer band
distinct. Female, on an average, rather larger, rather broader-
winged, sometimes more sufiused, lines generally weak (except
the costal spots), distal dark shade extended to termen, usually
almost obliterating the subterminal line except costally, where
the subapical pale spot persists, at least in part, black spot
proximally to subterminal line between R^ and M^ seldom
developed; the hind wing and under surface show corresponding
difi'erences.

1908 : Sept. 14,-1 d ; Sept. 24,-1 J ; Sept. 28,-1 c? ; Oct. 14,

—1 2 : Oct. 15,-1 6 ; Oct. 24,-1 J (type). 1909 : Apr. 10,—
2 2 ; Apr. 14,-1 c? ; Apr. 22,-1 $ ; Apr. 27,-1 $ ; May 10,—
1$; May 12,-1 $._

_

Variable both individually and (in particular) sexually. More
recalls certain tropical American species (e. g. Macaria nigricomma
Warr. in the case of the male, heliothidata Guen. in that of the
female) than any African species with which I can compare it.

Scarcely a true Discalma.

Macaria semialbida Prout.

Macaria semialbida Prout, ISov. Zool. xxii. p. 351 (1915).

1908: June 21,—Ic?.
Antenna broken, but a remnant shows that the ciliation is

scarcely as long as the diameter of the shaft. Hind tibia strongly
dilated. Fovea strong.

Founded on females from British East Africa.

Macaria obliquilineata (Warr.).

Gonodela obliquilineata Warr. JSJ'ov. Zool. vi. p. 307 (1899).

Semiothisa obliquilineata Swinh. Tr, Ent. Soc. Lond. 1904,

p. 507.

1908 : May 4,-2 $ . 1909 : Mar. 14.— 1 c? : Apr. 11,— 1 $ ;

May 10,-1 2 ; Nov. 10,-1 $ .

Rather variable, on an average slightly smaller than the



160 PROF. E. B. POULTON ON

examples (Abyssinia, White Nile, British East Africa) in the

British Museum, postmedian line of fore wing rather more curved
at costa. In the fore wing veins SO'"^ are coincident, in three

examples free, in three slightly connected with 0.

TSPHRINA INCONSPICUA Warr.

Tephrina inconsj)icua Warr. Nov. Zool. iv. p. 113 (1897).

1908 : July 2,-1 $ ; Aug. 24,-1 $ .

Rather weakly marked, especially the hind wing, which appears

rather more whitish than in the normal form (Natal to Nyassa-

land) ; but it is not in quite perfect condition. In the fore wing
the costal end of vein is obsolete, leaving it to appear that C
and SC^ are coincident throughout, anastomosing shortly with

SC". A worn female from Arabia (coll. Brit. Mus.) appears to

agree with the Somaliland example, though larger and with

normal venation ; thus the species seems to be widely distributed.

TephrijSta butaria (Swinh.).

Semioihisa butaria Swinh. Tr. Ent. Soc. Lond. 1904, p. 510.

1909 : May 8,-1 d .

Known from Central and East Africa and as far north as

Abyssinia.

Tephrina netta (Holland).

Grammodes neita Holland, in Donaldson -Smith, Through
Unknown African Countries, p. 418, tig. 9 (1897).

1908 : July 1,-1 6 ; July 31,-1 $ ; Sept. 21,-1 $ ; Sept. 26,

—1 2 • 1909 : May 21,-1 $ ; July 8,-1 $ ; Aug. 17,-1 c^ .

As I understand Sir George Hampson has compared Holland's

type, I accept the determination of the species at the Bi'itish

Museum, which possesses a single example from Abyssinia. The
fore wing agrees well with Holland's figui-e, but the hind wing
has distal borders nearly as in Discalma suhcurvaria Mab., or

even more extended to the termen. Male antenna bipectinate.

Tephrina cinerascens (Btlr.).

Acidalia cinerascens Btlr. Ann. Mag. Nat. Hist. (4) xvi. p. 418

(1875).

Ematarga bilineata Warr. Nov. Zool. ii. p. 129 (1895).

Tephrina cinerascens Swinh. Tr. Ent. Soc. Lond. 1904, p. 511.

1909 : May 10,— 1 5 • Rather worn, weakly marked.

Distributed from the Cape to British East Africa, and doubt-

fully distinct from pumicaria Led. (Syria) and fumosa Hmpsn.
(India). The large, strongly marked Abyssinian form figured

by Guenee (Phal. t. 17. fig. 7) is unknown to me.

Tephrina disputaria (Guen.).

Uubolia disputaria Guen. Spec. Gen. Lep. x. p. 489 (1858).

Tephrina disputaria Hmpsn. Faun. Ind., Moths, iii. p. 209

(1895).
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Mandera. 1908: .Imio I, I V; ''""(' '-'.», I V; -Inly :.,

1 2; July 17, 1 9; Aui?, 24,-3?; Hept,. 1 .'5, -I 2 I l^t'l><'- '!',

1 9 ; S(^pt. 2(5, -1 c? , 1 ? ; Oct. 12, 1 ? . 1909 : J.-ui. 18, 1 V ;

Jan. 19, 1 ? ; Mar. 12,-1 $ ; Mar. 19, 1 $ : Apr. 7, -I ? ;

Apr. 22,-1 ? ; An^'. 17, 1 d , 2 ? ; Oot 5, 1 9 ; Nov. 9, 2 2
1910 : Mar. 2, 12; Mar. (5,-1 ? . Yen.r ? : Vvh. 25, I ? .

Hargaisa. 1908 : Oct., 4 rT

.

Extreiaoly variable, occuri-iii^ probably throdifboiit Ibc yen-,

though iioiui was ta,kei\ in February or Doceinbor. TIhi grdaJ.

inajority of the fcnualos belong to the form sicbocaUata Wiii'r.

(Nov. Zool. iii. p. 41 .'{), (l(!S(!rib(Ml from S. Otluiiati, Anibia,. 1 follow

Swinlioo in (Considering sahocd/akt to be a form of tlut VM.rin,bl(<

dispataria (iuen. Two of the ma,l(is ,'i.re sma.ll, witli tlic disbil

p;u-t of the iiUMlian ar-ea. almost froo from dark diisiing, tlui post-

median line more than usually Ixmt. A few females are aJso

small, bnt otherwise normal. Two females are smooth-sealed,
the distn.l a.re!i. broa,d, inclining to violot-grey, the black marks on
hind niiU'gin of fore wing arid those distally to tli(> middle of tlie

postnuMliiin liiu* very shiirply prominent.
l)(^S(U'ib(Ml from Kgypt, but widely distribnti^l in Noith and

l^]a,st Afi'ic!!,, Ar;i,l)i;i, lndi:i, etc.

'I'lcrniMNA nioioiiKAuiA VV^dis.

Taph,riii,((, (Ic.crrarld, Walk. List Lep. Ins. Hril. Miis. xxiii. p. !)(V2

(1H()1); Kwinh. Tr. Knt. See. Lond. 19()'l, p. .510.

Mandera. 1908 : O.t. 1.5, ly. 1909:Apr.7, IV;Apr.lO,
- 12; Apr. 22, I V; M.'«..y 10, ly; Oct. 7, I if ; Oct. II,

Id". 1910: .l;tn. K, 12."
Buggan. 1908 : J uae 27,-1 rT .

1 n one f(!m.'d(! I, he distral spot of the fore wing is i-ednced, sc;i,re(!ly

forming an ocellus. (Jenernlly larger (,ha,n the pi-eccvling, less

brown, postmedian line straighter, otherwise hard to distitiguish ;

f>erha,ps a, foi-m of tin; sjune. Distributed from the (lape l,o

Abyssiniii.

Tkpiiiuna riiioNoovNA, s|). n. (I'l. II. Ilg. i;5, ','
.)

2 , 28 8;-5 mm. Aidciuiii, strongly s<'rral,(^, the sei'r;itions of

the outer series so long its to forjii ru(limenta.ry [XHrtiiiiiiions.

Fore wing with SO' out of O, free or ana,stomosing a,t m, point
with S(>", iSO^ in one e.xample aiuustpmosing a,t a, point with S(J''''.

Otherwise e.Ktremely like strongly irrorate<[ fcmiaJes of the pre-

ceding*; disoal mark of fore wing reduced to ;i, smidi weak
dot, media,!! shsule nKna,lly absent, aiitemediiin lin(i of forc! wing
more strongly c\n;ved, postm((diiui (Mii-ving anteriorly (both vari-

a,ble in distincitness), tcirminnl dots w(\a,ker or obsolete, the dark
distal border beneath extended to th(^ tc^rmcsn, or els(^ IxH^onung

* Til di.spnf:aria iiiid dr.orrnria S(;i-'-iii'o cdiiuMdciit, ol'hMi iiiiiiMtoinosiiif? iit m point;

or nli};-liUy connected wit;li SO-'-'. hivcn if tJiis diffonnicc pro-.n md; ubsolutoly
(.•oiiHtiml., it, is ;i(, Iciist fA'cncrnl.

I'ltof!. Zo(n-. Hof. I91(), No. XI. 11
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uiiifoiniily lighter there, no tendency towards the central pale

terminal patches which are general in deerraria, termen of hind
wing smooth (in disputaria often slightly more undulate).

1909 : Apr. 15,-1 $ ; May 9,-1 g ; May 10,-3? (including

type).

CCENINA TERGIMACULA, Sp. n. (PI. II. fig. 12, r{ .)

cT 2 , 24 mm. Face ochreous, lower half with a large fuscous

spot on each side. Palpus with 3rd joint short, ochreous mixed
with fuscous. Male antennal pectinations long and reaching to

near apex—beyond three-fourths (female without head ). Vertex,

thorax, and abdomen concolorons with wings, abdomen with a

dark fuscous doi-sal blotch anteriorly. Fore wing narrow, costa

and termen almost sti-aight, hind margin somewhat convex, in

female sinuous ; SC- connected by bar with SC^~^, R^-M^ stalked

(sometimes leather long-stalked)
;
pale ochreous whitish, irrorated

and suffused, especially at base and half-way nlong costa, with
purple-grey ; a brown or fuscous stripe fi^om beyond middle of

costa, oblique outwards, strongly curved or angled between R^
and R', oblique inwards (and forming a A^ery slight proximal

curve) to middle of hind margin ; a faint, oblique antemedian line

or shiide usually indicated, another midway betAveen postmedian
and termen, bearing in its anterior part two or three darker

wedge-shaped spots, the one before R^ the strongest and blackest

;

fringe spotted with fuscous. Hind wing nan'ow, especially in

female, tooth at end of SC^ in female veiy acute and produced,

termen in male weakly, in female more strongly, toothed at R',

anal angle scarcely produced ; concolorons with fore wing or

rather more brightly and sharply marked ; a broad, dark, olive-

brown, fuscous-mixed, somewhat sinuous band from inner mai^gin

near anal angle to costa near apex, finely Avhite-edged distally,

the Avhite broadening anteriorly. Under surface similar, the

markings weaker and more diffuse.

1908: Oct. 3,-1 c?. 1909: Apr. 7,-1 S ; Apr. 12,-1 S
(type) ; Sept.,— 1 $ .

Genus Sesquialtera, nov.

Face slightly prominent, convex, with moderately appressed

scales. Palpus moderate, rather stout, rough-scaled, terminal

joint short. Tongvie short. , Antenna in male (?) ; in female

slightly subserrate. Avith A^ery minute ciliation. Pectus and
femora, moderately hairy. Hind tibia Avith terminal spurs only.

Fore wing long and narroAA' (greatest breadth—niid-costa to

tornus—three-eighths of length), costa neai'ly straight, apex rather

sharp, termen, except close to apex, extremely oblique, slightly

curved, very faintly sinvious, rather longer than hind margin
;

tornus very weak ; cell short, less so at its extremities, DC" being

oblique inAvards and DC^ extremely oblique outAvards ; SC'"* long-

stalked, SC sometimes anastomosing with C, SC' connected by a
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bar with SO'''* about opposite the origin of 8C*, SC^"'' long-

stalkecl from just before end of cell, SO'"'' sepai-ating near apex
;

radials normal ; M' long-stalked with R*, M^ arising rather near
end of cell. Hind wing only about half the length of fore wing,
costal margin strongly concave, termen with long projecting

teeth at SC^ and R', otherwise sinuous rather than dentate,

tornus moderate ; cell about one-half, DO incurved ; C approxi-
mated (but not appressed) to SO to near end of cell, then
moderately diverging ; SC^ from close to end of cell ; R- absent

;

R^-M^ long-stalked, M"^ from very near end of cell.

Type of the genus : Sesquialtera ridicida, sp. n.

Sesquialtera ridicula, sp. n, (PI. II. fig. 11, $ .)

$ , 32-36 mm. Head, body, and fore wing fuscous with darker
irroration. Fore wing extremely weakly marked, a darker cell-

mark and a postmedian line indicated, the latter remote from
termen, strongly excurved at radials ; sometimes also a vague,
diffuse, oblique, somewhat curved antemedian line or shade in-

dicated. Hind wing variable, in the type with the basal area
blackish fuscous, the rest more concolorous with fore wing, but
traversed by ill-defined ferruginous-brown bands, in other ex-
amples more uniform, the base being less blackened, the ferru-

ginous scales largely suppressed ; a blackish discal dot, crossed or

closely preceded by the more or less sinuous antemedian (median)
line and followed by a distinct postmedian (darker brown or
blackish) sinuate inwards between radials and in submedian area

;

a brown or black terminal line. Under surface similar to upper,

in the type less variegated in hind wing.

1909 : May 12,-1 2 (type).

Also in Hope Department, Oxford, from British East Africa,

5 May, 1913, c. 1° S., 35° E., 5000-6000 feet, forest with open
glades (H. B. Popplewell), 1 $ . Also from Mt. Kenya in Paris

Museum.

Pachypalpia subalbata "Warr.

Pachypalpia suhalhata Warr. Nov. Zool. vii. p. 98 (1900).

1908 : Oct. 25,-1 $ .

Described from British East Africa. Known also from German
East Africa.

ASCOTIS SELENARIA (Schiff.).

Phalcena Geometra selenaria [Schiff.J Schmett. Wien, p. 101
(1775).

Ascotis selenaria Hbn. Yerz. Bek. kSchmett. p. 313 (1826).
Trigonomelea semifasca Warr. Nov. Zool. xi. p. 475 (1904).

1909: May 10,—Ic^.
Extraordinarily widely distributed in S. and E. Europe, Asia,

and Africa.

11*
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Fam. SaturniBvE.

Epiphora atbarinus Butl.

1909 : Oct. 14—1 d , 2 2 .

LUDIA HANSALI Feld.

1908: Oct. 29,— 1 2. 1909: Sept.,— 1 §. Year?: Apr. 27,

—1 J (B.M.).

Fam. ARBELIDiE.

Selagena eustrigata, sp. n. (PI. II. fig. 27, S .)

S . Head and thorax white tinged with rufous, the dorsum of

thorax with long spatulate c'hdcolji-te.-hrown scales ; antennte with

the branches rufous
;
pectus and legs white, the latter with brown

mixed ; abdomen white, the 2nd segment with dorsal tuft of long

spatulate rvifous and chocolate-brown scales, the anal tuft tinged

with rufous and with spatulate black-brown scales mixed. Fore

wing creamy white, with fine dark brown pencillings with white

bars on them defined by black and leaving the veins white below

base of costa, from medial part of cell to inner margin, in end of

cell, between veins 5 and 2 to near termen, and forming a wedge-

shaped subterminal patch between veins 8 and 6 ; a white patch

with some rnfovis before and beyond it beyond the discocellulaivs,

and a white spot with some rufous before and beyond it below

vein 2 near its origin. Hind wing silvery, white. Underside

white ; fore wing with the cell and area beyond it to near termen

suffused with brown with some white striae on it ; hind wing

with some red-brown strife on medial part of costa.

1908: Sept. 13,-1 d (type); Sept. 14,-1 c^ (B.M.)

;

Sept. 18,-1 6; Sept. 20,-1 d; Sept. 26,-1 d; Oct. 6,-1 J.

1909 : Sept.,—2 6 . tlxp. 20-24 millim.

Selagena atridiscata Hmpsn.

1909 : Oct. 5,-1 2 .

Metarbela diodonta, sp. n. (PL II. tig. 28, S )

cS . Head and thorax dark reddish brown mixed with some
grey- white, the frons whiter

;
palpi black-brown

;
pectus and

legs red-brown mixed with some whitish ; abdomen white tinged

with brown and with chocolate-brown dorsal streaks at base and

extremity, the anal tvift tipped with chocolate-brown. Fore wing-

white tinged with brown ; a series of black-brown points below

the costa ; a black-brown subbasal point on median nervure with

a slight dentate dark brown line from beyond it to inner margin
;

a very irregular patch of brown suffusion defined by black-br-own

on medial part of inner margin, indented above and below by

white spots towards its extremity ; a down-curved black-brown

streak fi'om middle of cell to lower angle with a point beyond it

in the cell and an irregular oblique bilobate mark defined by

black-brown in upper extremity of cell ; an oblique strongly
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dentate dark line h'om below apex to inner margin at the medial

patch with more prominent blackish teeth between veins 7 and 5

and some dark suffusion beyond it ; a terminal series of geminate
black points. Hind wing silvery white with a very faint brownish
tinge and faint brownish terminal line. Underside white with a

faint brownish tinge and series of small brown spots on costa of

fore wing.

5 . Abdomen moi'e suffused with brown ; fore wing more
suffused with brown, the streak in lower end of cell absent

and the oblique dentate postmedial line very indistinct ; hind
wing strongly tinged with broWn.

1908 : Sept. 27,-1 ^ ; Sept. 28,-1 d ; Sept. 29,-1 d ; Oct. 1,— 1 6 ; Oct. 4,-1 2 (type); Oct. 11,-1 6 (type); Oct. 14,—
1 cT (B.M.); Oct. 20,-1 c? ; Oct. 23,-1 6 ; Oct. 24,-1 J.
1909 : Sept.,— 1 c^ . Exp, 22-26 millim.

Metarbela perstriata, sp. n. (Pk II. fig. 29, $ .)

2 . Head, thorax, and abdomen grey-white suffused with

I'eddish brown. Fore wing creamy white, thickly irroi'ated with

dark reddish brown and with numerous rather reticulate lines,

formed by dark reddish-brown strise and with obscure daik
brown spots at middle and end of celk Hind wing and underside

whitish suffused with brown.

1908 : Sept. 27,-1 ? (type). Exp. 22 milliiu.

Arbelodes rufula Hmpsn*

1909: Mar. 14,-1 c? ; Apr. 8.— 1 J: May 10,-^1 d.

Fam. CossiD.4<;.

Azygophleps inclusa Wlk.

1909 : May 13,-1 $ .

DuoMiTus mEvSosticta, sp, m (Pk II. fig\ 30, S »)

(S . Head, thorax, and abdomen white mixed with dark brown,

the metathorax almost entirely black-brown
;

palpi and taisi

black-brown. Fore wing white irrorated with reddish brown,

the medial inner area with a shade formed by thicker irroiation,

extending before middle to above vein 1 ; a discoidal patch formed

by similar irroration conjoined beyond lower angle of cell to a

similar shade on terminal area, the cell, submedian interspace

except on terminal area, and an oblique postmedial shade from

costa whiter ; elliptical black-biown medial «pots above and below

vein 1 ; cilia chequered dark bi'own and white at tips. Hind
wing white, the cilia chequered with dark brown to vein 2.

Underside of fore wing with the inner area white with a brown

spot below middle of cell ; hind wing with the costal area irrorated

with brown.

1908: Apr. 29,-1 J; May 4,-1 6 (B.M.); Sept. 12,-1 J.
1909 : Oct. 7,-1 d (type). Exp. 28-38 millim.
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DUOMITUS STENIPTERA, Sp. n. (PI. II. fig. 31, c? •)

c? . Head and thorax white mixed with red-brown and some

black, the metathorax almost entirely black-brown ; antennaj

dark brown ; tarsi black ringed with white ; abdomen whitish

suftused and irrorated with red-brown. Fore wing white with

sparse strong black strise, the inner area tinged with rufous to

beyond middle ; a wedge-shaped black-brown patch on costal

area from base to near middle ; a rather triangular black spot

below end of cell with its upper extremity somewhat produced ;

a black-brown patch at end of cell extending to the costa ; some

small black spots on costa towards apex ; a subterminal series of

small more or less distinct clavate dark marks in the interspaces;

cilia chequered reddish brown and w hite. Hind wing white, the

cilia with some brown scales mixed. Underside white ; fore

Aving with small black spots on costa and blackish spot below

end of cell, the terminal area striated with brown ; hind wing

with the costal area finely striated with red-brown.

1908: Apr. 27,-1 cj"(type). 1909: May,— 1 6. Exj.^. 28-

38 millim,

DUOMITUS SIMILLIMA, Sp. n. (PI. II. fig. 32, c? •)

(S . Head and thorax dark red-brown mixed with some whitish

and black, the metathorax entirely black-broAvn ; antennse dark

brown ; tarsi black riuged with white ; abdomen dark red-brown

mixed with whitish at sides towards base. Fore wing grey-white

suifused with red-brown and sparsely striated with strong black

striae, slighter on basal area, the medial area from costa to vein 1,

the postmedial area from costa to vein 2, and the interspaces of

terminal area whiter ; a rather triangular black spot below the

cell ; subterminal series of slight clavate dark marks in the inter-

spaces ; cilia chequered dark brown and greyish. Hind wing

whitish suflused with brown, the cilia obscurely chequered with

dark brown. Underside of fore wing sufiused with brown, the

terminal area striated with brown, series of small black spots on

costa and below terminal part of cell ; hind wing whitish, the

costal area suffused with brown, the costa towards apex and

termen with some brown strife,

1908: Sept. 20,-1 d (type); Sept, 23,-1 6. Exp. 24-

28 millim.

Fam. Lasiocampid^

Trichiura obsoleta King,

1908: Oct. 25,--l J; Oct. 29,-1 S- 1909: Mar. 14,-2 S

;

Apr. 8,-2 6 ; Apr. 11,-1 $ ; Apr. 15,-1 $ ; Oct. 14,-1 d,
1 2 ; Dec. 30, 1 cT . 1910 : Jan. 2,-1 d ; Mar, 10,-1 § ;

Mar. 13,-1 d.

Anadiasa simplex Pag.

1909 : Apr. 8,-1 d .
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Chilena donaldsoni Holl.

1908 : Oct. 13,-1 c^ . 1909 : Feb. 20,-1 J ; Mar. 26,-1 cT ;

Mar. 29,-1 S ; Apr. 1,-1 S ; Apr. 5,-1 6 ; Apr. 6,-1 $ ;

Apr. 10,-4 S ; Apr. 14,-1 J ; Apr. 20,-1 d . 1910 : Mar. 20,—1 d.

Fam. LiMACODiD^,

CCENOBASIS CHLORONOTON, Sp. n. (PI. II. fig, 35, J •)

cJ . Head and thorax emerald-green ; antennae fulvous yellow
;

palpi fulvous yellov7, brownish at sides ; tibiae on inner side and
the tarsi fulvous yellow, the tarsi with brown points on outer

side ; abdomen pale orange-yellow, the sides and ventral surface

whitish at base. Fore wing emei^ld-green, the costal edge orange-

yellow. Hind wing white tinged with emerald-green, especially

towards termen ; the cilia emerald-green. Underside of foie

wing with the costal half fulvous brown, the inner half greenish

white, the termen and cilia green ; hind wing pale orange-yellow,

the terminal area tinged with green ; the cilia green.

1908: Oct. 12,-1 cT. 1909: Apr. 4,-1 c^ (type); Apr. 8,

—2 c? (1 in B.M.); Apr. 9,-1 d ; Apr. 10,-1 d ; Apr. 20,— 1 d ; Apr. 23,-1 d ; Apr. 24,-1 6 (B.M.); Sept.,— 1 d
Exp. 18-20 millim.

OcENOBAsis FULvicoRPus Hmpsn.

1908: Sept. 26,-1 d; Oct. 24,-1 d. 1909: Apr. 4,-1 c^

;

Apr. 5,-1 d ; Apr. 7,-3 d ; Apr. 8,-2 d , 1 2 •

Genus Featheria, nov.

Type, F. ohvia.

Proboscis absent ;
palpi obliquely upturned, shoit, not reaching

to middle of frons, which is smooth ; antennae of male bipectinate

with moderate branches to apex, of female with short branches ;

metathorax with spreading crest ; tibiae with the spurs moderate,

the hind tibiae with the medial spurs present ; abdomen with

rough hair at base of dorsum. Fore wing with the apex rounded,

the termen evenly curved ; veins 2, 3 shortly stalked, 5 from near

angle ; 6 from well below upper angle ; 7 from just below angle
;

8, 9 stalked ; 10, 11 from cell. Hind wing with veins 3 and 5

fr-om near angle of cell ; 6, 7 stalked ; 8 from middle of cell.

Featheria obvia, sp. n. (PI. II. fig. 33, d )

d 5 . Head and thorax grey-white mixed with reddish brown ;

tarsi ringed with white ; abdomen grey-white tinged with red-

brown. Fore wing grey-white tinged in parts with reddish brown

and irrorated with dark brown ; a dark brown point at lower angle

of cell, with an oblique brown line from it to inner margin

slightly defined on outer side by whitish followed by a reddish-

brown shade ; an oblique dark-brown fascia from apex meeting

the shade beyond the medial line, slightly incurved below vein 7,
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where thei-e is a more or less elongate black spot bej'ond it,

the .oblique fascia followed by a whitish shade arising below
apex ; a terminal series of black-brown stripe. Hind wing white
suffused with reddish brown ; a fine darker brown terminal line

and fine white line at base of cilia. Underside white tinged with
reddish brown, the costal areas irrorated with bi'own.

Mandera.—1908 : July 16,-1 j ; Aug. 16,-1 d ; Sept. 26,

—2d, 1 ?; Sept. 27,-1 $ (type). 1909: Mar, 24,-1 J
(type) ; Apr. 9,-1 S ; Sept, 6,—1 $ .

'Gan Libbah.— 1908 : June 26,-1 $ , ^icyj. d 22, $ 28
millim.

Paryphanta fimbriata Karsch (arcuilinea B.-B.).

1909 : Mar. 26,-1 6 ; Apr. 10,-1 <S .

Scotinochroa minor, sp. n, (PI. II, fig, 34, J .)

J, Head, thorax, and abdomen bright chestnut mixed with
fulvous yellow and some dark brown ; antennae fulvous. Fore
wing bright chestnut irroiated with dark brown and rough
silvery scales ; an obscure dark mark below origin of vein 2

;

the postmedial area ochreous whitish with a very ill-defined band
of dark and silvery scales, rather maculate to lower angle of cell,

then excurved ; a curved maculate subterminal band of dark and
silvery scales from below costa to vein 2 ; a dark brown patch at

apex. Hind wing yellow tinged with rufous, the cilia deeper
rufous at tips. Underside yellow, the fore wing suff'used with
rufous, the hind wing tinged with rufous.

1909: Apr. 20,-1 d (type), Uxp. 18 millim,

Gavara leucomera, sp, n, (PI, II, fig. 36, $ ,)

2 , Head, thorax, and abdomen white, faintly tinged with
rufous ; fore tibiae and the tarsi pale brown ringed with white.
Fore wing white tinged w^ith rufous except on terminal area,

which is slightlv irrorated with rufous; a rather oblique rufous
antemedial shade from below costa to inner margin ; a black
point at lower angle of cell ; an indistinct waved rufous line

from lower angle of cell to inner margin ; an indistinct sinuous
lufous line from middle of costa to submedian fold above tornus,
then incurved to inner margin ; a distinct difl^used rufous line

from costa beyond middle to termen at submedian fold, excurved
at middle ; a terminal series of rufous striae. Hind wing white
tinged with rufous ; a fine rufous terminal line ; cilia white.
Underside white, the fore wing suffused with rufous, the hind
wing tinged with rufous,

1909 : Apr, 8,-1 $ (type), Exp. 16 millim.

Fam, Thyridid.^.

Rhodoneura hamatipex, sp, n. (PL II. fig, 37, d' •)

d . Head, thorax, and abdomen ochreous suffused with rufous.
Fore wing ochreous tinged with rufous and thickly reticulated
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>yith rufous stria^, brownei- at costa ; a slight antemedial line

forking towards costa and forming a slight fork towards inner

margin ; a narrow rather oblique postmedial band formed by two
lines filled in with rufous except towards costa, the inner line

curved inwards to costa and somewhat angled inwards at lower

angle of cell and vein 1, the outer line excurved below costa, the

band somewhat constricted at submedian fold, a reticulate band
formed of double striae beyond it from vein 7 to tornus ; an
oblique double line filled in with rufous across apical area from
costa to termen at vein 4. Hind wing ochreous tinged with
rufous and striated with rufous lines ; a slightly curved ante-

medial line, dark point just above lower angle of cell, darker

slightly sinuous medial line, two or three faint postmedial lines,

and a more prominent subterminal line oblique to discal fold,

then sinuous to tornus. Underside of fore wing with a streak

formed by black spots and opalescent silvery scales below middle

of cell and a short streak formed by black dashes beyond upper
angle, the medial part of postmedial band, the subterminal band
towards tornus, and the oblique band except at costa, prominently

filled in with rufous.

1909: Apr. 11,-1 cS ; Oct. 19,-1 <? ; Oct. 30,-1 J (type).

Exp. 22 millim. Closely allied to B. squamigera Pag.

Fam. P Y R A L I D -E.

Subfam, CRAMBiiSr^.

Ancylolomia pectinifera Hmpsn.

1909: Mar. 10,-1 $; Mar. 14,-1 $.

SURATTHA SCITULELLUS Wlk.

1908: Sept. 18,-1 $ ; Sept. 20,-1 5 ; Sept. 21,-1 $ ;

Sept. 22,-1 $ ; Sept. 24,-2 $ : Sept. 26,-1 $ . 1909 :

Mar. 13,-1 $ ; Mar. 14,-1 $ (B.M.) ; Mar. 19,-1 $ ; Mar. 22,— 1 2.

SuRATTHA INVECTELLUS Wlk.

1908 : Aug. 15,-1 6 ; Sept. 14,-1 6 ; Sept. 20,-1 6 ; Sept. 24,— 1 6\ Sept. 26,-1 2' 1909: Feb. 15,-1 $; Feb. 16,-2 $;
Feb. 23,—1 6 ; Mar. 5,-1 6 ; Mar. 11,-1 9 (B.M.) ; Mar. 13,—3 c?,4 ?; Mar. 19,-1 6,1 $ {S B.M.) ; Oct. 14,-1 $.

Subfam. SCHCENOBIAN^,

Genus Calamoschcena, uov.

Type, C. ascriptalis.

Proboscis absent
;
palpi upturned, in male hardly reaching to

middle of frons, in female to vertex of head ; maxillary palpi

minute ; frons smooth, I'ounded ; antennfe in both sexes laminate

and almost simple ; hind tibipe with the outer medial spur minute.

Fore wing with vein 3 from before angle of cell ; 4, 5 shortly
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Stalked; 6, 7, 8, 9 stalked; 10, 11 from cell. Hind wing with
veins 3 and 5 from angle of cell, 4 absent ; 8 anastomosing
with 7.

Calamoschoena ascriptalis, sp. n. (PL II. fig. 38, S .)

c? . Head and thorax pale ochreous
;
pectus, legs, and abdomen

ochreous white. Fore wing uniform pale ochreous. Hind wing
glossy white, the cilia tinged with ochreous at base. Underside
white : fore wing with the costal half tinged with ochreous.

2 • Head and thorax slightly tinged with rufous : abdomen
more ochreous

; hind wing with the termen and cilia at base
tinged with ochreous.

1908: Oct. 6,-1 S (type). 1909: Oct. 12,-1 $ (type).
Exp. 6 20, 2 28 millim.

Subfam. Phyoitix.*:,

8taudingeria sub-oblitella Rag.

1909 : Feb. 15,-1 2 .

Euzophera villora Feld. (stramantella Rag.).

1909 : June 10,-1 ? .

Nephopteryx mbtamelaxa Hmpsn.

1908: Sept. 16,-1 ?; Sept. 18,-1 o'

.

Nephopteryx ? emussatatella Rag,

1908: Sept. 14,-1 $.

Nephopteryx eugraphella Rag.

1909: Oct. 11,-1 $.

Nephopteryx serratella Rag.

1908 : Feb. 24,-1 ?; Sept. 12,-1 $ ; Sept. 19,-1 $ (B.M.);
Sept. 26,-1 $ (B.M.); Oct. 12,-1 $ ; Oct. 20.— 1 $ : Oct. 25,—1 S (B.M.); Nov, 18,-1 $. 1909: Jan. 9,-1 $ (B.M.);
Mar. 13,-1 $; Apr. 16,-1 $ (B.M.) ; Dec. 31,-1 $.

Subfam. Epipaschian^.

Macalla purpureopicta, sp. n. (PL II. fig. 39, $ .)

§ . Head and thoi-ax pale grey
;
pectus, legs, and abdomen

cupreous rufous, the last with some blackish at base of dorsum.
Fore wing with large tufts of raised hair-like scales below the
cell before middle and in middle and end of cell

;
pale greyish

and white and with some dark irroration bej'ond the cell,

the area below the cell and vein 3 purplish rufous from before
middle to tornus

; a blackish antemedial line from cell to inner
margin, slightly angled outwards .it submedian fold, the tufts of

scales in the cell grey-bi'own ; blackish streaks on middle of
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vein 1 and basal half of veins 2 and 3, and a slight streak beyond

upper angle of cell ; an oblique black bar from origin of vein 7 to

vein 5 near termen ; a purplish-rufous patch on terminal part of

costa with oblique purplish-rufous bar from it at vein 7 to vein 5

just before termen ; a terminal series of daik striae except towards

tornus ; cilia white tinged with rufous and with a pale brownish

line near tips. Hind wing semihyaline white, the apical area

suffused with red-brown to vein 4 ; a diffused purplish-red streak

on terminal part of vein 2 ; a terminal series of red stride, darker

towards apex ; cilia white, tinged with fiery red at base. Under-
side of both wings white, the costal and apical areas red.

1909 : Apr. 9,-1 ? (type). Exp. 24 millim.

Subfam. Endotrichin-«.

Endotricha consobrinalis Zell.

Hargaisa.—1908 : Oct.,—2 S.

Subfam. Pyralix.e.

Aglossa incultalis Zell.

1909: Feb. 17,-1 d.

Aglossa ommatalis Hmpsn.

1909 : Mar. 8,-1 $ .

Aglossa basalis Wlk.

1908: Sept. 17,-1 $ ; Sept. 24,-1 $ ; Sept. 26,-1 5 ;

Sept. 30,— 1 2' 1909: Feb. 11,— 1 $.

Tegulifera zoNALis AVarren.

1908: Nov. 3,-1 $.

Tegulifera nigricixctalis Hmpsn,

1908: Sept. 18,-1 6 ; Oct. 1,-1 5 ; Oct. 13,-1 ?. 1909:
Apr. 14,-1 2 ; Apr. 22,-1 6 .

Tyndis proteanalis Hmpsn.

1908 : Aug. 24,-1 $ ; Aug. 27,-2 d ; Sept. 3,-1 d : Sept. 12,

—1 $ ; Sept. 15,-1 d ; Sept. 16,-1 J ; Sept. 18,-1 J, 1 ?
Sept. 19,-1 d ; Sept. 21,-1 d, 1 $ ; Sept. 22,-1 2- 1909

Mar. 9,-1 $ ; Mar. 10,-1 $ ; Mar. 11,-1 d ; Mar. 12,-1 d
Mar. 15,-3 d, 1 $ ; Mar. 18,—2 $; Mar. 19,-3 ?; Mar. 20
—1 $ ; Mar. 21,-1 d, 1 $ ; Mar. 22,-4 $ ; Mar. 24,-1 $
Mar. 26,-2 $ ; Mar. 30,-1 J ; Apr. 15,-1 $ ; Oct. 4,-1 $ .

Year?: Sept. 25,-1 d.

ZiTHA subcupralis Zell.

1908 : Aug. 24,-1 d • 1909 : Feb, 2.3,-1 d ; Feb, 28,-1 6 ;

Mar. 4,-1 d ; Mar. 9,-1 d •
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BOSTRA VARIANS Butl.

1908: Sept. 13,-1 $ ; Sept. 16—3 5 ; Sept. 19—1 $.
1909 : Mar. 26, 1 2 ; Apr. 8—2 $ ; Apr. 10—2 $ ; Apr. 14,— 1 $ ; Apr. 20,-1 $ .

BoSTRA TENEBRALIS Hmpsil.

1908: Sept. 14,-1 j; Sept. 15,-1 S ; Sept. 19,-1 J.

BoSTRA PYROCHROALIS, sp. n. (PI. II. fig. 43, § .)

$ . Head, tegulae, and abdomen whitish tinged with red-brown ;

thorax fiery red. Fore wing fiery red slightly irrorated with
whitish, the costal edge with some dark scales towards base and
alternating whitish and dark brown points on medial area ; ante-
migclial line white, slightly excurved below costa, then inwardly
obliqne

;
postmedial line white, slightly excurved to vein 4, then

slightly incurved
; cilia purple-brown at base, the tips white with

some red at apex. Hind wing white tinged with red-brown; the
cilia purple-brown at base, white at tips.

1909: Mar. 24,-1 § (type). Exj). 16 millim.

Dattima perstrigata, sp. n. (PI. II. fig. 40, j'.)

Antennfe of male bipectinate, with long branches to near apex.
(S . Head and thorax ci-eamy white more or less tinged with

brown ; antennfe with the branches brown : palpi irrorated with
blackish

; abdomen creamy white with dorsal fulvous-yellow
bands except at base and extremity, the anal tuft with pale
blood-red subdorsal streaks. Fore wing with diffused blackish
streaks below end of cell, above and below submedian fold and
vein 1 to beyond middle, and on each side of veins 5 to 2 ; a small
black spot in lower angle of cell and slight point in upper angle

;

the streaks partly interrupted by traces of a subterminal white
line with blackish points before it on veins 7, 6 ; the costal half
of wing sometimes irrorated with blackish ; a terminal series of
blackish points

; cilia chequered with pale blood-red. Hind wing
pure white and somewhat semihyaline.

Ab. 1. Fore wing with the streaks on each side of vein 1 and
veins 5 to 2 beyond the cell with pale blood-red mixed, veins 7, 6
with pale blood-red streaks except on terminal area.

$ . Thorax strongly tinged with pale blood-red, the foi'e and
mid tibia? and tarsi suffused with blood-red, abdomen at sides and
anal tuft blood-red ; fore wing with the costa and cilia blood-red,
diffused blood-red fascise above and below vein 1, the streaks on
veins 7, 6 and on each side of veins 5 to 2 blood-red ; an indistinct
obliquely curved waved subterminal blood-red line between veins
7 and 1 ;

hind wing suftused with brown, the veins tovvar<ls termen
and cilia suffused with blood-red ; underside suffused with brown,
the costal areas, veins towards termen, and cilia of both wings
blood-red.

1908 : July 1,-1 J ; July 8,-1 c^ ; July 19,-1 S ; July 24,— 1 c?; Aug. 24,-1 $: Aug. 27,— 1 J (B.M.); Aug. 28,— 1 J;
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Sept. 21,-1 c?; Sept. 23,-1 J; Sept. 24,-1 S ; Sept. 26,-1 S
(type) ; Sept. 27,-1 S ; Sept. 29,-1 c^ . 1909 : Jan. 18,-2 6 ,

1 $ (type) ; Mar. 14,-1 d , 2 $ ; Apr. 1,-1 S ; Apr. 14,-1 6 ;

May 12,-1 S ; May 21,-2 d; Sept. 21,-1 c? ; Oct. 22,-2 S ;

Nov. 25,-1 $. 1910: Mar. 6,-1 S ; Mar. 9,-1 S ; Mar. 10,— 1 J; Mar. 12,-1 J (B.M.). ^a,^^. d 36-40, $ 42 millini.

Dattinia ornata Druce.

1908 : Feb. 24,-1 J ; Sept. 24,-1 $ ; Sept. 29,-1 $ ;

Oct. 3,-1 c5. 1909: Mar. 14,-1 $; Mar. 18,-1 $; Mar. 19,— 1 2; Mar. 26,-1 ? ; Apr. 16,-1 $ ; Oct. 8,-1 ? ; Oct. 11,

-1 ?.

Dattinia peratalis, sp. n. (PL II. fig. 41, d .)

Antennae of male bipectiuate, with long branches to two-thirds

length.

cJ . Head, thorax, and abdomen ochreons tinged with rufous,

the thorax deeper rufous ; antennae with the blanches brown
;

frons and palpi deep rufous ; legs red-brown, the tibiae and tarsi

ringed with whitish. Fore wing with the basal area rufous, the
rest of wing silvery white with a creamy tinge suffused in parts

with rufous ; antemedial line creamy white defined on outer side

by rufous and with some black irroration before it, slightly

waved ; the medial area mostly suffused with rufous, with a
creamy-white patch in and beyond the cell extending to costa

;

an oblique black-brown discoidal bar and slight yellowish spot

below end of cell
;
postmedial line creamy white defined on inner

side by rufous, excurved to vein 3, then incurved, a patch
of blackish scales bej-^ond it at middle ; a silvery whitish apical

patch defined by rather diffused black scales. Hind wing
ochreous white suffused with rufous ; cilia with a white line

at base followed by a rufous line. Underside whitish, the
fore wing and costal area of hind wing suffused and irr.oi-ated

with red- brown.

1909: Mar. 14,-1 (^ (type). Exp. 14 millim.

Dattinia costinotalis, sp. n. (PI. II. fig. 42, (S •)

Antennae of male ciliated.

c5' . Head, thorax, and abdomen grey mixed with reddish
brown and fuscous, the vertex of head whitish

;
pectus whitish

;

tarsi brown ringed with white ; abdomen blackish brown
ventrally except towards base. Fore wing pale brownish grey
slightly iiTorated with blackish ; the costal edge black towards
base ; subbasal line black defined on outer side by whitish,
angled outwards below the cell and ending at vein 1 ; ante-
medial line black, oblique to below the cell, then incurved
a quadrate patch of blackish suffusion beyond it from costa

to median nervure ; a slight dai'k mark at lower angle of cell

;

postmedial line blackish, indistinct except towards costa, ex-
curved to vein 4, then oblique and sinuous, an oblique black bar
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beyond it from costa ; a terminal series of slight brown spots

;

cilia brownish white with two fine brown lines through them.

Hind wing semihyaline white ; a fine brown terminal line and
slight line through the cilia,

1908 : July 31,-1 6 (type). :Exp. 18 millim.

Cledeobia radialis Hmpsn.

1908 : July 17,-1 $ ; July 24,-1 c? . 1909 : Mar. 26,-1 $ ;

Apr. 8,-1 J; Dec, 10,-1 $.

Subfam. Pyraustin^.

ZmcKENiA fascialis Oram,

1908 : Sept, 30,-1 2 , 1909 : Jan. 11,-1 $ ; Jan, 13,-1 $ ;

May 5,-1 S •

Sylepta sabinusalis Wlk.

1908 : Feb. 24,-1 $ . 1909 : Oct. 7,-1 ? ; Oct, 14,-1 $ .

Glyphodes indica Saund.

1908: Oct. 27,-1 d. 1909: May 14,-1 J.

Agathodes musivalis Guen.

1909 : May 10,-1 $ .

Crocidolomia binotalis Zell.

Berbera.—1908 : Mar. 4,-1 j .

Hellula undalis F.

1909: Jan. 19,-1 ?; Mar. 14,-2 $.

Sameodes ocellata, sp. n. (PI. II, fig, 44, $ .)

Fore wing with scale-tooth on inner margin before middle.

5 . Head white, the frons with rufous spot, the antennae and
palpi fulvous red ; thorax fulvous red

;
pectus and legs white, the

latter tinged with red-brown ; abdomen white dorsally suffused

with rufous. Fore wing fulvous red ; a large rounded white

patch with pale red centre from upper angle of cell to inner

margin, its edges slightly waved and a similar but smaller patch

beyond the cell connected with the costa and extending to vein 4.

Hind wing pale rufous. Underside whitish suflfused with rufous.

1908 : May 28,-1 $ ; Sept. 19,-1 $ (type); Sept. 24,-1 $ .

Exp. 16 millim.

Leucinodes orbonalis Guen.

1908 : Oct. 29,-1 $ .

NoMOPHiLA xoctuella Schiff,

1908: Nov, 13,— 1 J,
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Pachyzancla ph^opteralis Guen.

1908 : Sept. 20,-1 $ .

Pachyzancla basalts Wlk,

1908: Feb. 24,-1 $. 1909: Apr. 10,-1 $.

Pachyzancla bipunctalis F,

1908: Sept. 30,-2 $; Nov. 24,-1 ?.

Phlyct^nodes nudalis Hiibn.

1908 : Sept. 26,-1 $ ; Sept. 29,-1 $ .

Antigastea catalaunalis Dup.

1908: Sept. 18,-1 ?.

ISTOORDA blitealis Wlk.

1909 : May 10,-2 ? .

Mecyna gilvata F.

Handera.—1908 : Sept. 3,-1 J : Sept. 11,-1 J ; Nov, 13,
—2 5; Nov. 14,-1 $; Nov. 18,-1 J. 1909: Jan. 14,-1 $;
May 9,-1 2; Oct. 19,-1 (^ ; Oct. 22,-2 d ; Nov. 10,-1 ?.
Gan Libbah.—1908 : June 25,— 1 <S .

Pionea melanostictalis, sp. n. (PI. II. fig. 46, d" •)

'

(^ 2 • Head and thorax grey tinged with brown, the vertex of

head white
;
palpi red-brown, white at base; pectus and legs mostly

white, the fore tibiae and tarsi brown ringed with white ; abdomen
grey-brown with white segmental rings, the ventral surface white.
Fore wing whitish tinged and irrorated with brown, the costal

area browner; small antemedial black spots on subcostal and
median nervures, vein 1, and above inner margin ; a black point
in the cell towards extremity and discoidal bar : postmedial line

black, dentate to vein 4, then with oblique bar to vein 2, then
retracted to below end of cell and excurved at submedian fold

and slightly above inner margin ; a curved series of blackish
points just before termen and a terminal series. Hind wing
whitish suffused with red-brown ; traces of a curved brown post-
medial line; a terminal series of slight brown points; cilia white
with a faint brown line near base.

1908: Sept. 23,-1 ? ; Sept. 27,-1 2,1 ^ (type); Oct. 11,
—1 2 (B.M.); Nov. 24,-1 §. Bxp. 16 millim.

Pionea rubritinctalis, sp. n. (PI, II. fig. 45, $ .)

2 . Head and thorax ochreous yellow tinged with rufous ; frons
with white lines at sides

;
palpi white in front at base

;
pectus

and legs white ; abdomen reddish ocbreous, the ventral surface
white. Fore wing ochreous yellow tinged with rufous ; traces of

an oblique rather diffused rufous antemedial line ; a more distinct
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obliquely ciii'vecl diffused rufous postmedial sliade ; cilia white at

tij^s. Hind wing pale reddish ochreous with traces of a rather

diffused curved rufous postmedial line.

1908: Sept. 24,-1 ?. 1909: May 10,-1 $ (type). Exp.
18 millim.

Pyrausta incoloralis Gueu.

1909 : May 3,-1 ? .

Pyrausta sthenialis, sp, n. (PL II. fig. 47, S .)

Mid tibife of male dilated with a fold containing a tuft of long

hair, the hind tibiae with the outer medial spur minute ; abdomen
very long with the anal tuft long.

Head, thorax, and abdomen pure white, the shoulders with grey

stripes ; frons and palpi towards tips tinged with grey. Fore wing
semihyaline white ; the costal area suffused with grey ; oblique

slightly curved grey postmedial and subterminal lines. Hind
wing semihyaline white with faint curved greyish postmedial and
subterminal lines.

1908 : May 4,-3 c? , 6 $ ; May 6,-1 $ ; May 28,-1 6 \

Sept. 29,-2 2 (1 in B.M.); Oct. 15,-1 2 ; Oct. 20,-1 S ;

Kov. 13,-2 c? (1 in B.M.) ; Nov. 18,-1 6 (type). 1909:
Apr. 16,-1 2 (B.M.). Kvp. 22-24 millim.

Pyrausta conistrotalis, sp. n. (PI. II. fig. 48, $ .)

2 . Head, thorax, and abdomen pale i-eddish brown tinged with

grey, the vertex of head whitish
;
palpi rufous, white at base

;

pectus, legs, and ventral surface of abdomen white, the fore legs

brown in front. Fore wing whitish tinged with reddish brown
and thickly irrorated with dark brown, the costal area rather

browner ; antemedial line indistinct, dark, oblique towards costa,

angled outwards at median nervure and vein 1 and incurved below

the cell and above inner margin ; a minute dark spot in the cell

towards extremity and curved discoidal striga
; postmedial line

dark, waved, excurved from below costa to vein 3, then retracted

to lower angle of cell and erect to inner margin ; a terminal series

of small dark spots ; cilia with a dark line near base. Hind wing
whitish suffused with brown especially on terminal area ; an
indistinct brown postmedial line, excurved from below costa

to vein 2, where it is slightly angled inwards ; cilia white with a

dai'k line near base.

J' . Browner ; fore wing with a faint purplish gloss.

1908 : Oct. 23,-1 2 (type)-

Also in B.M. from Br. E. Africa, N. Kavirondo, Maramas
Distr., Ilala (A'^eave), 1 d . Exp. 22 millim.

SCELIODES LAISALIS Wlk.

1908 : Sept. 26,-1 2 ; ^ov. 13,-1 2 • 1909 : Jan. 17,-1 2 ;

Feb. 25,-1 2; Oct. 17,-1 2-
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OORNIFRONS ALBIDISCALIS, Sp. n. (PI. II. fig. 49, 6 •)

Antennfe of male bijoectinate with moderate branches to near

apex ; frontal prominence pointed at extremity, its lower edge
produced to a point before extremity.

Head and thorax red-brown mixed with some Avhite ; antennsa

ringed brown and white, the branches blackish in male ; abdomen
pale red-brown. Fore wing pale red-brown ir-rorated with darker

brown especially on the veins ; an oblique whitish shade from base

of costa ; a narrow white antemedial band defined by dark scales

and with irregularly waved edges ; a small rather elongate white

spot defined by dark scales in middle of cell and a white discoidal

bar also defined b}^ dark scales, its lower extremity somewhat
curved inwards ; a narrow white postmedial band defined by
dark scales and with minutely waved edges, angled inwards at

veins 6, 3, 2 and outwards at submedian fold, excurved at middle

and incurved to inner margin ; a slight dark terminal line ; cilia

white at base followed by a dark line. Hind wing whitish

suft'used with brown especially in female ; a slight biown spot

at lower angle of cell and indistinct rather diffused curved

subterminal line ; cilia white with a brown line near base.

1908: May 4,-1 $ ; Sept. 28,-1 d (type); Oct. 18,-1 S ;

Nov. 13,-1 $ ; Nov. 14,-1 6 . 1909 : Apr. 5,-1 d ; Apr. 7,—
1 cJ , 2 $ (1 in B.M.) ; Apr. 10,-1 d . Exp. 20 millim.

Tegostoma comparalis Hiibn.

1908: June 1,-1 $; Sept. 25,-1 $; Oct. 31,-1 $. 1909:
May 9,-1 S ; May 10,-4 2 .

Tegostoma subditalis Zell.

1909 : May 8,-1 c? •

Tegostoma bipartalis Hmpsn.

1908: Aug. 15,-1 $.

NOCIUELIA GLOBULIFERALIS, Sp. n. (PI. II. fig. 50, 6 .)

S . Head and thoi-ax white mixed with rufous
;

palpi red-

brown ; fore tibiae with brown bands near extremities ; abdomen
white with slight rufous dorsal bands and streaks on anal tuft.

Fore wing white suffused with rufous ; an indistinct rufous sub-

basal line ; antemedial line red-brown, excurved above inner

margin, a round white spot defined by red-bi-own on its outer

side in and below the cell ; rounded white spots defined by red-

brown in and below end of cell ; a postmedial white patch defined

by red-brown except above below the costa, intersected by a red-

brown streak on vein 7 and its outer edge indented by a wedge-
shaped red-brown mark on vein 6, a white patch beyond it at

apex and oblique elliptical white spot defined by red-brown below
it ; a dark brown terminal line ; cilia white at base with a brown
line near base and brownish tips. Hind wing white : an elliptical

Proc. ZooL. Soc—1916, No.XIL 12
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yellowish discoidal spot defined by brown and with brown line

from it to above inner margin ; a brown postmedial line from
costa to vein 5 and elliptical white spot defined by brown between
vein 5 and submedian fold ; a dark brown terminal line ; cilia

with series of brown striae near base and brownish tips.

1908 : Oct. 29,— 1 cJ (type), ^i^^. 18 millim.

TINEINA.

By Jno. Hartley Durrant, F.E.S.

L E T H R E U T I D .E.

EucosMA Hb.

EUCOSMA SOMALICA, Sp. n.

Antennce fuscous. Palpi whitish ochreous, more or less mixed
with fuscous on the outer side of the median joint. Head
-and thorax whitish ochreous, slightly tinged with pink ; tegulaj

bi'ownish fuscous, mixed with reddish. Fore wings elongate,

slightly dilated posteriorly, male without costal fold, apex obtuse,

termen nearly sti-aight, slightly oblique ; whitish ochreous, striate

with fuscous and pinkish, with fuscous markings outlined by
shining pearly scales ; the mai-kings, which appear more or less

irrorate with whitish owing to some of the scales being tipped

with white, consist of a basal patch, obtusely angled on the cell,

and an irregular central fascia becoming attenuate, or even
obsolete, toward the tonius, this fascia is outwardly connected
with a subapical quadrate spot ; the costa is strigulate with
fuscous, there is also a fuscous apical spot and an interrupted

terminal line ; cilia whitish ochreous, with a pinkish gloss, tra-

versed by two pale fuscous shade-lines. Exp. al. <S 18-27 $ mm.
Hind ivings with 3-4 stalked ; fuscous ; cilia whitish ochreous,

traversed by two greyish fuscous shade-lines. Abdomen fuscous

with paler transverse lines. Legs whitish ochreous ; tarsi spotted

with blackish.

Type S (7248) ; $ (7249), Drnt. Det.

1908: Sept. 19,— 1 (^ ; Sept. 20,-1 $ (type); Oct. 24,-1 S
(type). 1909 : Jan. 20,-1 $ . 1910 : Mar. 6,-1 5 .

The female is a little darker than the male, the pearly scaling

tending to become leaden, especially toward the tornus.

T I N E I D vE.

NoMiMA, gen. n.

(rofjujuos, 71, ov = conventional.)

Type : Xomima prophanes Drnt.

Antenna} g-, with projecting scales on each joint, giving a

serrate appearance, and bipectinate 3, eacli pectination ciliate
;

basal joint without pecten. Labial palpi porrect, clothed beneath
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and at end ; terminal joint sliort, concealed. Maxillary p(dpi and
haastellum obsolete. Head rongh-haived. Thorax smooth

—

perhaps slightly tufted posteriorly. Fore wings elongate, luther

narrow, apex I'ound-pointed, termen rounded, .sui'face with tufts

of raised scales : neuration 12 veins, all separate; 7 to apex, 3-4

basally approximate ; 1 furcate at base. Hind vnngs 1 , elongate-

ovate, with small transparent space below cubitus near base;

cilia g : neuration 8 veins, all separate ;
4-7 nearly parallel.

Ahdoinen rather slender. Legs : posterior tibise long-haired

above.

NOMIMA PROPHANES, Sp. n.

Antennce fuscous. Palpi yellowish ochreous. Headj and
thorax dark brownish fuscous ; face yellowish ochreous. Fore

wings creara-ochreous, with a dark brownish fuscous basal patch,

and with a rather broad patch of the same colour commencing
before the tornus and extending around the termen to the apex ;

the whole wing is ornamented with glistening spots of raised

scales ari-anged in ti-ansverse lines—these raised spots have some
admixture of bluish leaden-metallic, especially on the dark
patches, and on the ochreous part of the wing transverse lines

of pale greyish scaling occur between them ; cilia shining, dark
brownish fuscous with a purplish gloss, cream-oclu-eous along

their base and above the apex ; underside suffused with fuscous,

except on a yellowish ochreous apical patch. Fxj). al. 21-25 nim.

Hind ivings shining, pale grey with brassy sheen, more or less

suffused with dark fuscous above and beneath in some specimens;

cilia pale yellowish ochreous. Abdomen yellowish ochreous, dusted

with fuscous. Legs yellowish ochreous, tarsi tinged with fuscous.

Type S (72.53), Di'nt. Det.

1908 : Sept. 30,-1 J . 1909 : Apr. 10,-1 J (type) ; Apr. 15,

—16.
AcHTHixA, gen. n.

('aj^fietvos, i], or = irksome.)

Type : Achthina ctenodes Drnt.

Antennce $ bipectinate 2 ; basal joint without pecten.

Labial paljn rather short, upcurved ; tei'minal joint very short.

Maxillary palpi and haustellum obsolete. Head rough. Thorax
smooth. Fore wings with costa straight, apex round-pointed,
termen and tornus evenly rounded: neuration 12 veins; 7-8
stalked, 8-9 stalked enclosing apex, 10 out of stalk of 7-9

,:
4-5

closely approximate, connate or short-stalked ; 3 from angle, 2 at

least twice as far from 3 as 3 is from 4 ; 1 basally furcate. Hind,
wings 1, rather short and bi-oad, apex and tornus bluntly rounded :

neuration 8 veins
;
3-5 approximate, 2 remote from 3, 5 bent

over and closely approximate to 4, or 4-5 stalked
;
6-7 stalked or

separate ; media to below 6. Abdomen : female moderate, ovi-

positor exserted. Legs: hind tibiae long-haired above.
The male is at present unknown, and there is some variation in

12*
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the iieuration, but the pectinate antennae and exserted ovipositor

of the female distinguisla this genus from its allies.

ACHTHINA CTENODES, Sp. U.

Antennce and ]xd2n cinereous. Head and thorax cinei'eous,

with some admixture of fuscous. Fo7'e vjings cinereous, with

some admixture of whitish, clearly and distinctly, but irregularly

strigulate witli blackish, to the number of about 12 or 13 complete

lines, some reduplicate in part and with paler intei'mediate lines

;

cilia cinereous with a fuscous line near their base, and another

toward their tips. E.vp. al. 20 mm. Hind tvings fuscous; cilia with

a pale line near their base. Abdomen fuscous. Legs cinereous.

Type 2 (7256), Drnt. Det.

1908 : Sept. 18,-1 § ; Sept. 27,-1 $ (tj^pe).

Melasina Bdv.

Melasina psephota, sp. n.

Antennce whitish ochreous, spotted with fuscous ; male pecti-

nate 5. Palpi, moderate, densely scaled ; whitisli ochreous mixed

with dark fuscous. Head whitish ochreous.^ Thorax whitish

mixed with dark fuscous ; with a dark fuscous ' tuft posteriorly.

Fore ivings elongate, costa somewhat arched, apex obtuse, termen

obliquely rounded, with 12 veins, all separate; chalky white,

strigulate and shaded with fuscons, and with the transverse mark-

ings more or less continuously edged with blackish ; a fuscous

basal patch, slightly angulate outward on the fold, is edged with

dark fuscous except on the costa and dorsum, there is however a

dark costal spot before the end of the patch with some trace of

dark spots crossing the wing ; at one-third from the base a more

or less irregular, outwardly oblique, fuscous fascia crosses the wing,

generally widening out from the costa and narrowing below the

fold, with outward extension above the fold in the direction of a

dark fuscous spot at the end of the cell, occurring on an oblique

fuscous fascia extending, more or less conspicuously, fiom costa to

tornus—in some specimens this fascia is connected with a fuscous

costal patch preceding the apex ; cilia chalky white, with two
fuscous parting lines more or less interrupted by four or five

whitish bars. Fxp. al. c? 21-24 mm., $ 34 mm. Hind vnoigs

pale fuscous ; cilia whitish, with a fuscous line neai- their base.

Abdomen fuscous ; female with long exserted ovipositor. Legs

pale fuscous ; anterior and median tarsi barred Vv'ith dark fuscous.

Type c? (7260); $ (7261), Drnt. Det.

1909 : Jan. 19,-1 cJ ; Feb. 16,-1 d ; Feb. 17,-1 J ; Feb. 19,

—1 6 ; Feb. 20—1 d ; Feb. 21,-1 d ; Feb. 22,-1 d ; Feb. 27,—
1 d ; Mar. 9,-1 d ; Mar. 10,-1 c? ; Mar. 13,-2 6 ; Mar. 14,-1 $
(type); Mar. 20,-1 c? ; Mar. 26,-1 c? (type).

Closely allied to recondita Drnt., but the hind wings are

distinctly broader and the termen is more erect above vein 3,

where there is a slight angle, not noticeable in recondita which

has the wings narrower and more pointed.
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MeLASINA RECONDITA, sp. 11.

Antennce pale fuscous ; male pectinate 5. Palpi moderate,
densely scaled

;
pale fuscous. Head pale fuscous. Thorax whitish

cinereous mixed with dark fuscous ; with a dark fuscous tuft

posteriorly. Fore loings elongate, rather narrow, termen oblique
;

whitish cinereous, strigulate with blackish, and with pale fuscous
markings more or less continuously edged with blackish ; a basal

patch is indicated by fuscous sufiusion ; on the costa at one-third
commences an irregular pale fuscous fascia, contracted (sometimes
interi'upted) on the cell, thence widening, but becoming narrow
from the fold to the dorsum ; this fascia is connected to a
pyriform costal patch of the same colour by a larger pyriform
patch on the disc with some extension toward the tornus—these
markings usually reach to the costa before the apex, but are some-
times disconnected ; a rather conspicuous discal spot, irregular in

outline, occurs at the end of the cell on the fuscous patch, below
a small, oblong, dai-k-margined fuscous patch ; cilia whitish cine-

reous, with seven or eight broad fuscous bars beyond a narrow
fuscous dividing line. Exp. al. d" 22-27 mm.

; $ 33-39 mm.
Hind wings fuscous ; cilia whitish, with a fuscous line along their

base. Abdomen fuscous; female with long exserted ovipositor.

Legs cinereous : tarsi barred with fuscous.

Tyjye 6 (7275) ; $ (7276), Drnt. Det.

1909 : Mar. 9,-1 6 ; Mar. 10,-2 (^ (including type); Mar. 11,

—1 6 ; Mar. 12,-2 J ; Mar. 13,-5 J ; Mar. 15,-1 J ; Mar. 17,

—1 S ; Mar. 18,-1 6 ; Mar. 19,— 1 c?, 1 ? (type); Mar. 21,—
1 S ; Mar. 26,-2 $ . 1910 : Mar. 16,-1 d .

EXPLANATION OF THE PLATES.

Plate I.

Fig. :
Fig.

1. JEstigmene griseata ?. ; 26. Ozarba semitorrida c?.

2. Secuslo somaliensis 9.
;

27. „ endoscota ^.
3. Chloridea (lib iveiiata ..-. ?. 28. „ hemipyra $.
4. TJialatha melanostrota S. 29. ,, hemisarca $.
o. llatopo heterochroa <?

.

j

30. „ exolivacea $.
6. Acroriesis iguiftisa $. ' 31. „ viesozonata (?

.

7. Odontoretlia featheri <?. ' 32. „ endoplaga ^,
8. Athetis discupuiicta $. 33. JSulocastra argyrostrota $.
9. „ ectomelana (J. . 34. Aulotarache plumheogrisea i^

.

10. Ethiopica ignecolora $. 35. Constaiitiodes pyraliiia ^.
11. „ pheeocausta $. 36. Hoplotarache ectorrida $.
12. FacJiycoa oliuacea 9-

.

37. „ ccerideopicta <?

.

13. Mahila albiviridis (J. ,
38. Tarache mesoleuca ^.

14. Acrapcv albicostata (J. 39. ,, miogona $.
15. JEuterpiodes pictlmargo ^.

;

40. Eutelia grisesoens (j.

16. „ croceisticta $. I
41. Acanthonyx seriopmicta $.

17. Faratuerta nana tj. i 42. Cerocala albimacida $.
1|8. JSiilspa flaoipars (J. 43. Auchenisa cei'urodes ^.
19. Eublemma eremochroa $. ' 44. Authadistis camptogramma ... $.
20. ,,

oehricosta $. i
45. Catephia pyramidal is (?.

21. „ arenostrota <?, ;
46. „ pericyma $.

22. Toana nigrUineata ^.
\

47. „ poliochroa $.
23. C/iioiio.raittliia leiicopheea (?. ,

48. ,, mesonephele ^.
24. QHdicodia iitrigipennis ^. \

49. „ eurymelas $.
25. „ melanographa $.

\

50. Lyncestis diascota $.
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1.

PiATE II.

1

Fig.

Asplenia vnbrescens $.
]

26.

Teplirias trigonosema $. \ 27.

Flecoptera polymorplia $. 28.

3£affulaba gr-isea (?. i 29.

N'aarda nigripialpis ^

.

|

30.

Hhynchina endolenca J.
|

31.

„ perangulata $

.

' 32.

„ alhiscripta <?

.

!

33.

Aclonnplilehia inconspicua $. 34.

Scrancia discomma $.
^

35.

Sesquialtera ridicula $. 36.

Coenina tergimacula c?- ' 37.

Tephrina prionogyna $. • 38.

Discalma calvifrons (?. 39.

„ puerilis $. 40.

Ftycliopoda aperta $. 41.

„ svbtorrida ?. I

42.

Acidalia 'pi/rrhochra $. j

43.

„ timia $. ' 44.

„ minoa $. 45.

Tricentroscelis protrusifrons ... $ . 46.

lSucro$tes astigmatica ? . 47.

Hierochthonia featheri $. 48.

JS^eromia 7nanderens)s $. 49.

Fra.sinoci/ma perpulverata (J. 50.

Victoria sematope^as tj

Selagenit eustriga ta ^
Metarhela diodonta c?

., perstriata $
Duomitus mesosticta $

„ steiiipitera S
„ simillima $

Featheria ohvia (J

Scotinocliroa minor (J

Coenobasis chloronoton $
Gavara leucomera $
Mhodoneura hamatipex (J

Calamoschoena aacriptalis t?

Macalla ptirpvreopicta $
Dattinia perstrigata S

„ peratalis ^
„ costinotalis S

Fostra pyrochroalis $
Sameodes ocellata

!f'

Fionea rubritinctaMs ?
„ melanostictalis <j

Fj/ratista stlienialis ^
„ conistrotalis $

Cornifrons a Ibidisca lis (J

Nocttielia glohuliferalis cj
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In this communication I describe the gut-patterns of certain

mammals that I have been able to examine since the publication

of a larger memoir on the Intestinal Tract of Mammals (Mitchell^

1905), and I discuss further the significance of the facts with which

I am dealing. I adhere to the purpose stated in the introduction

to my memoir, to " limit my observations to a definite set of

facts, hoping that the examination of a continuous series by one

observer, from one point of view, would yield more information

than might be derived from a wider range of work over a smaller

range of animals." My object wa,s to approach a conception of

the primitive pattern of the mammalian gut, to show how the

complex patterns in the different groups were related to the

primitive pattern, and to discuss how far such relations throw
light on the systematic affinities of the groups.

In certain cases, most common in the lower types of mammals,
there is no difficulty in observing the pattern. When the gut is

severed near the stomach and at the distal end of the rectum,

there remains only to cut the dorsal mesentery from the rectum

to the stomach and to sever the portal vein and mesenteric

arteries ; the whole structure of intestinal tract, mesentery, and

blood-vessels may then be pinned-out on the dissecting-board

and the pattern observed without fur'ther trouble. Text-fig. 27
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is a reproduction of a photograph kindly taken for me by my
colleague, Mr. D. Seth-Smith, and shows the intestinal tract of
the Elephant-Seal prepared in this way. It will be seen at
once how closely it corresponds with the simplified diagrammatic
drawings of dissections which are the material of the other
text-figures in my former memoir and in this communication.

In most cases, however, and especially where the alimentary
canal is relatively long and thin-walled, or where difterent

portions differ notably in calibre, regions of the tract belonging
to one morphological part are held in close adherence to regions
belonging to another morphological part. Some of these adhesions
are individual : such are more common in old animals and in
animals loaded with fat or plainly diseased. Others are permanent
structures, invariably present in the members of the species in

which they occur—as, for example, the connections between
the colon and the duodenum which have been named the
cavo-duodenal and the colico-duodenal ligaments, or the attach-
ment of the omentum to the colon. Sometimes, moreover,
blood-vessels belonging to one region of the gut may traverse
the adhering folds of mesentery and supply morphologically
remote regions of the gut.

In extreine cases the secondary adhesions may be stronger
than the primitive mesentery, and large portions of the latter

may have disappeared. Sometimes, therefore, the pattern can be
displayed only after tedious dissection and the cutting of many
structures not easy to distinguish from the primitive mesentery

;

but when the process has been accomplished, the pattern of gut
and primitive mesentery is revealed.

The mode in which the intestinal tract and its mesentery
are folded in the body-cavity, and the secondary adhesions,
pathological or permanent, that are formed, are of gi-eat surgical

importance ; and many anatomists, for the most part cited in
my former memoir (Mitchell, 1905), have paid attention to them.
Their bias towards secondary phenomena, with consequent over-
looking of the relations of the gut-patterns that I have tried to
work out, has made it impossible to derive a coherent picture of

the morphology of the mammalian gut from their work.
The literature of surgery gives us a clear idea as to how

secondary connections may be established when living membranes
are in juxtaposition, and it is a fair supposition that such
^' accidental " structures may have become permanent features
of the anatomy where they were useful. The intestinal tract is

a muscular tube, constantly undergoing strong peristaltic waves
of contraction. Its contents, sometimes liquid, sometimes
strongly charged with gases, sometimes with solid hard lumps,
are seldom quiescent, but partly from the mere action of gravity,

and partly because of peristalsis, subject the wall and the
delicate suspensory apparatus of mesentery with the con-
tained blood-vessels and nerves to sudden and varying strains.

These strains are of relatively little importance when the gut
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is short, thick-walled, and of even calibre, as, for instance, in

the case of many carnivorous animals. When the gut is rela-

tively long, and when the thickness of its walls and its calibre

vary much in different regions, as is frequently the case in omni-
vorous and herbivorous creatures, the danger from mechanical
strain is greater. The habit of life of the creature also must be
taken into consideration. Animals of placid gait, and aquatic

animals living in a medium of nearly the specific gravity of their

own bodies, subject the contents of their abdominal cavity to the
least possible disturbance. Animals that run and leap, and
especially climbing animals—as the latter are constantly shifting

from a horizontal to an erect posture,—subject the contents
of their abdominal cavity to a maximum strain. As adhesions
may take place between portions of the gut that, although they
belong to difierent regions, are in close contact, it is plain that we
may exjject to find them A-ai-ying in correlation with the nature
of the food, the structure of the gut, aiid the habits of the animal.

We see readily how they may have arisen in many groujDs in-

dependently, and that they thus afford no definite indication

of affinity. Dr. Beddard, in a communication to this Society

(Beddard, 1908, p. 561), has brought together a valuable set of

observations, old and new, on such secondary features of the

gut, and would appear to agree with me that they cannot, as he
phrases it, "yield accurate classificatory I'esults,'"' as he is able to

arrange them in a series of ascending stages, and to show that

these stages, or some of them, occur independently in different

groups.

The Primitive Mammcdian Giit.

In text-fig. 1 1 have drawn the primitive type to which
the vai-ied patterns displayed by the gut of mammals (when
the secondary connections have been severed) can be reduced.

The left-hand diagram (A) shows the pattern as it may be seen

•in a very young mammalian embryo ; tlie right-hand figure (B)
shows it as it appears in some of the simpler adult animals.

The whole gut from the stomach (S.) to the distal end of

the rectum (R.) is suspended from the dorsal wall by a con-

tinuous mesentery (Mes.) containing the blood-vessels. It

consists of three definite regions. The proximal region, from
the point marked 1 to the point marked 2, is the duodenal
region ; in birds this is usually characterised by the outgTowth
of a long, narrow, single loop, but in mammals moi'e frequently

appears as a bunch of short loops not clearly marked off from the
beginning of the next region. The second region, from the point

marked 2 to the cfecum (C), I have termed Meckel's tract;

it corresponds, according to the position of the caecum, with
the whole or the proximal portion of the pendant loop of

human embryology, and its apex is fixed in the embryo by the
umbilical cord (text-fig. 1 A, M.). As a very rare abnormality
in mammals, a diverticulum, known as Meckel's diverticulum.
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the equivalent of the yolk-sac diverticulum which persists

throughout life in a very large number of the families of

birds, is to be found at the point marked in the embrj'o by
the attachment of the umbilical cord to the apex of Meckel's

tract. Meckel's tract forms the small intestine, and however
the gut may be lengthened it remains a nearly closed loop, the

point (3) where the post-caecal gut passes into the hind-gut

remaining extremely close to the point (2) where the duodenal

region passes into Meckel's tract. It is also of some importance

to notice that the lengthening of Meckel's tract to form the coils

of the small intestine takes place chiefly on the proximal limb of

the primitive tract ; in the vast majority of mammals, however
long the small intestine may be, the distal limb of Meckel's tract

remains as an almost straight tube running up until it nearly

meets the distal extremity of the duodenal loop. Meckel's tract

in mammals difiers notably from the similar region in birds. In

birds the tract tends to be drawn out into definite minor loops,

the disposition of which forms characteristic patterns in different

groups, and the distal region of the tract, immediately proximal

to the cfeca, tends to form a specialised loop, folded over, and
secondarily attached to the duodenal loop. The third region

of the gut is what I term the large intestiire or hind-gut ; it

stretches from the csecum to the anus, and occupies a greater

portion of the antei^o-posterior axis of the body than the

duodenal region and Meckel's tract together.

The caecum of mammals occupies nearly the same morphological

position as the cpeca of birds. In birds like the Osti'ich, and in

mammals like the Kangaroo or Elephant, where the hind-gut is

relatively long, but little diffeientiated, the cfeca throughout life

occupy almost exactly the position indicated in text-fig. 1 B.

In birds where the rectum is very short, and especially when
the distal poi-tion of Meckel's tract is prolonged into a loop,

and in mammals such as Carnivores in which the hind-gut is

very short and straight, the ceeca appear to lie more close to

the rectum. In mammals in which the hind-gut is highly

differentiated, the c?eca occur on the straight portion of the

recurrent limb of the pendant loop at a varying distance from
the point marked 3 in text-fig. 1. Thus, when the csecum is

situated distally, the recurient limb of the pendant loop gives

rise to the distal portion of Meckel's tract. When, as is more
usual in mammals, the cpecum is attached proximad of the distal

end of the pendant loop, the recurrent limb of the latter gives

rise partly to the distal and usuallj' straight portion of Meckel's

tract, and partly to the proximal portion of the hind -gut. In
birds the cteca are almost invariably paired, but as an individual

abnormality a single csecum has been recorded in several cases

(Ploius, Falconiformes, Columbje), and in Herons and Balceniceps

a single caecum is the normal condition. In mammals a single

cajcum is the normal condition ; but there are many anatomical

facts most easily explained as vestiges of a paired condition



INTESTINAL TRACT OF MAMMALS. 187

(Mitchell, 1905), and the paired condition is normal in some
Edentates, Hyi'acoidea, and Manatus.
The hind-gut of mammals differs notably from that of birds,

inasmuch as it tends to be drawn out into specialised loops
forming patterns charactei-istic of dijfferent groups. A rather
different nomenclatui'e has been applied to these minor loops of
the hind-gut by different anatomists ; I propose in this communi-
cation, following, I believe, the more exact of my predecessors, to
designate these loops by their morphological position. The liighest

point of the recurrent limb of the pendant loop, where it bends
round to pass into the pi'imitive straight hind-gut, represents
what in many mammals forms the transverse colon ; a loop of

Text-fisfure 1.

Mes.

Diagram of the primitive Mammalian Gut-pattern.

A. In a young embryo. B. In a simple adult.

S. Cut junction with the stomach. R. Cut distal extremity of the rectum.
Mes. Dorsal mesentery. M. Attachment of umbilical cord, position of

Meckel's diverticulum. C. Csecum. 1-2. Duodenal region. 2-3. Meckel's
tract. 3-4. Hind-gut, i. e., large intestine and rectum.

the hind-gut to the right, or proximad, of this is an ansa coli

clextra ; a loop to the left, or distad, of this forms an ansa coli

sinistra. The angle between the ascending colon and transverse

colon in human anatomy, on this nomenclature, might be called

a vestigial ansa coli clextra ; the corresponding angle, where the

transverse colon passes into the descending colon, would be a

vestigial ansa coli sinistra. A loop of the recurrent limb of the

pendant loop, proximad of these and close to the cfecum, may be

called a postcfecal loop or paractecal loop.

It will be seen that my conception of the primitive mammalian
gut differs in two respects from that presented by Dr. Beddard
(Beddard, 1908, p. 591). First and most important, I regard the
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primitive gut as presenting three definite morphological legions :

a proximal and short duodenal region ; the pendant looj), a
nearly closed loop, the outgrowth of a very small part of the
original straight gut, and divided by the inseition of the
umbilical coi'd into pi'oximal and recurrent, or distal, limbs ; and
third, the hind-gut, corresponding with a much longer portion
of the original straight gut. Next, it possesses a cpecum, or

possibly a pair of caeca, homologous with the paired caeca of

birds. Unless we accept such a constitution of the primitive
or ancestral mammalian gut, we are driven to the much more
difficult view that these ver}^ definite subdivisions or parts have
arisen independently in many different groups of mammals.
I infer, therefore, that where a mammalian gut-pattern presents
less specialisation than what I have described as primitive, the
condition has come about by secondary reduction.

In comparing the more differentiated gut-patterns with the
primitive pattern, I attach little importance to the secondary
connections between proximal and distal regions ; and in this

Dr. Beddard appears to agree with me for the most part. The
ease with which the more important of these can be established,

and the apparent independent establishment of them in different

groups, arise from the morphological fact that, as the pendant
loop is nearly closed, the colic region and the attachment of the
caecum are brought very close to the duodenal region.

"With regard to the subsidiary loops that may be formed in

different portions of the gut, in mammals particularly in the
hind-gut, I attach more importance to their morphological
positions, and less to whether or no they form what Dr. Beddard
calls " fixed " loops. Apparently that author employs two
separate criteria in applying the designation. The proximal
and distal limbs of his " fixed " loops are held together by
a very narrow expanse of mesentery ; this, however, is a
qiiestion of degree, and narrow loops ai'e linked by many
gradations with what cannot be described as specialised loops

at all. Next, " fixed " loops are sometimes bound down by
extrinsic ligaments or secondary attachments ; such are obvious
adaptations, and appear to come into existence independently in

diff'erent groups.

Nor do I attach much importance to the presence oi- absence
of a spiral disposition of loops or regions of the gut. Spirals are
common growth-forms, and however striking they may appear,

there is little reason to suppose that the resemblances they
produce are other than convergent. They are far from constant,

even in individual life. The intestines of the tadpole, which are
long in proportion to the size of the creature, are coiled in a tight

spiral ; the spiral has disappeared in the adult frog, in which the
intestines are shoi-ter in proportion to the whole length. I have
found the intestines of young marsupials coiled in spirals, and
comparison of my own obsei-vations with those of othei-s leads me
to believe that the chief subsidiary loop of the hind-gut in Lemurs
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is disposed sometimes ivregulai-ly, sometimes in a spiral. The most
conspicuous spiral ai-raugemeiit in the mammalian gut, however,
the colic spiral of Ruminants, appears to be constant.

Descriptions arranged systematically.

Sub-Class MONOTREMATA.

Order Monotremata.

I have already figured the gut-patterns of Ornithorhynchus
and Echidna (Mitchell, 1905, figs. 1, 2), but my material was then
only rather badly 23reserved spirit examples. By the kindness
of Dr. Colin Mackenzie, who has brought from Australia a
aiiagniticent set of well-preserved examjDles of Monotremes and
Marsupials, I have now seen several much better examples of

Ornithorhynchus and Echidna. The gut-patterns of these animals
are rather more alike one another and the general mammalian
type than I was formerly able to make out.

Text-fio-ui-e 2.

Intestinal tract of Ornithorliynclius anatinus.

S. Cut junction with stomach. R. Distal extremity of rectum at cloaca.

C. Caecum. C.L. Colic loop {ansa coli dextra).

The duodenum in each case is a well-marked loop, and is

attached by a cavo-duodenal ligament to the hind-gut at the

curved portion of the hind -gut where the recurrent limb of the

pendant loop bends round to join the rectal portion. Meckel's

tract is suspended round the circumference of an expanse of
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mesentery which is luther more elongated in Ornithorhynchus
tlaan in Echidna. The middle mesentei'ic vein curves through
the mesentery, following Meckel's tract and giving off numerous
branches to the rather regular minor loops of the tract. The
ctBcum, which appears to be functionless, is placed very close to

the apex of the pendant loop ; so that nearly the whole of the

recurrent limb of the pendant loop is hind-gut. This is rather

ixxi unusual ariangement, but is present iu the Sloths among
Edentates and in the Mystacoceti amongst Cetaceans. Before

the recurrent limb reaches the dorsal line it is thrown into a

small bunch of minor loops forming an ansi coli dextra, less

numerous, however, than I figured for Echidna in my earlier

memoir, and placed much nearer to the dorsal middle line.

Then follows a point at which the hind-gut i-eaches the duodenal

region, to which it is attached by a secondary ligament.

Text-fig'ure 3.

Intestinal tract of JEchiclna Jii/strLv.

Lettering as in text-fig. 2.

The rectal portion of the hind-gut is larger in calibre and is

thrown into very shallow minor loops.

Sub-Class MARSUPIALIA.

Order Marsupialia.

Sub-Order Polyprotodontia.

Family Notoryctidpe. Notorycies typhlops (text-fig, 4).

The gut-pattern is extremely simple, showing a divergence

from the primitive condition by degeneration. There is no
distinction between the duodenum and Meckel's tract, the latter

being thrown into irregular minor loops ; there is no caecum,
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and the delimitation of Meckel's tract from the hind-gut is not

marked. The mesentery is continuous, and the mesenteric veins

are arranged as simple branches of the main channel.

Text-fisrure 4.

Intestinal tract of Notaryctes typlilojps.

S. Cut proximal end of duodenum. 11. Cut distal end of liind-gut.

The mesentery is dotted ; the veins are marked in thick black lines.

Family Dasyuridfe. Thylacinus cynoce2)halus (text-fig. 5).

Sminthopsis crassicaudata. S. larapinta.

In the Thylacine (text-fig. 5) the pattera does not differ in any
important respect from that of I^otoryctes, there being no caecum

and the three regions of the gut not being sharply marked ofl',

although the grouping of the tributaries of the mesenteric vein

suggests their presence. The calibre of the whole gut is rather

large and approximately the same throughout. The subsidiary

coils of the proximal portion of Meckel's tract are rather more
numerous than is represented in the figure.

The two species of Sminthopsis showed a pattern almost

identical with that of Notoryctes. Dr. Beddard (P. Z. S. 1908,

p. 561, text-figs. Ill & 113) has described and figured the

intestinal tracts of AntecJdnomys laniger and Phascogale mac-
donellensis. It is clear that these small Dasyurids display a

gut-pattern in all essential respects identical with that of

Notoryctea. In the example of Phascogale, however, although

apparently full-grow^n, Meckel's tract was so simple a loop that
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Dr. Bedclarcl compared it with the pendant loop of mammalian
embryology, and was so fortunate as to find a remnant of the

umbilical cord passing to the apex of this loop. I have never

found this structure in any full-grown marsupial, and think that

Dr. Beddard's example was an individual peculiarity ; but it is

interesting to note that it occurred precisely at the position in

which I always look for it, and its jiresence confirms the validity

of text-fig. 1 A as a diagram of the primitive mammalian gut-

pattern.

Text-figure 5.

Intestinal tract of Thylachms cynoceplialus.

Description as in text-fig. 4.

The polyprotodont marsupials display gut-patterns of great

simplicity. In some {Bidelpliys, Peragale) the condition is

practically identical with text-fig. 1 B (Mitchell, 1905). In
others, such as those described above, a condition of greater

simplicity has been reached, due to the obliteration of the

distinction between the regions and the loss of the ctecum. This

simplicity is to be regarded as secondary, as, otherwise, it would

be necessary to suppose that the distinction into definite regions

and the presence of a definitely placed ctecum had been acquired

independently in many different groups.
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Sub-Order Diprotodontia.

Family Phascolarctidse. Phascolomys mitchelli (text-figs. 6, 7).

Phascolarctos cinereus (text-fig. 8).

In the Wombat the duodenal region is just distinguishable as
one or two loops proximal to Meckel's tract. Meckel's tract , is

Text-figure 6.

Intestinal tract of Fhascolomys mitchelli.

C. Caecum. C.L. 1. Colic loop {ansa coli dextra). C.L.2. Colic loop {ansa col-i

sinistra). Other references as in text-fig. 4.

very distinct, its proximal portion being broken up into a large
number of regularly disposed minor loops. Distally it joins the

Proc. Zool. Soc— 1916, No. XIII. 13
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expanded proximal poi^tion of the hind-gut, and the csecum lies

on the outer side of the curve at the point of junction. The iirst

portion of the expanded colon runs up towards the dorsal line,

then follows a large colic loop (C.L. 1), and finally a rectal portion

of smaller calibre, thrown into rather regularly disposed minor

loops (C.L. 2). A secondary connection forms a CEecal ligament

attaching the caecum to the small intestine and to the duodenal

region. Another secondary connection forms a strong colioo-

duodenal ligament, attaching the colic loop to the duodenal

region. The latter was severed to make it possible to lay out

the gut so as to display its pattern.

The peculiar caecum of the Wombat has been described and

figured by Owen (Owen, 1868, p. 417, fig. 315) and by Flower

Text-figure 7.

Junction of the small intestine, csecum, and liind-gut in Phascolomys mitchelli.

lie. Cut end of ileum. Col. Cut end of colic loop. V. Vermiform appendage.

C. Csecal pouch at the proximal end of hind-gut. Part of the wall of the

hind-gut has been removed to show the apertures of the ileum and of the
vermiform appendage on a raised projection. X. Beginning of the solid part

of the appendage.

(Flower, 1872, p. 647), and Flower's figure has been reproduced

by Oppel (Oppel, 1897, p. 567). Owen's figure corresponds

exactly with the portion of text -fig. 6 marked C, but it has been

drawn from the other side of the gut (the right side). Flower's

figure has obviously been drawn from a mounted preparation ; it

also shows the right side, but it has been turned upside down.

It is on a larger scale, and pai-t of the side-wall has been

removed to display the mode of jvmction of the caecum with the

small intestine and the hind-gut. As Flower's figure is in a

publication that is not now readily accessible, I reproduce as

text-fig. 7 a drawing from my own dissections. It will be seen
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that the ceecum consists of two portions. There is an upper
elongated papilla (text-fig. 7, V.) attached to the ileum by a
mesenteiy which is not shown in Owen's figure. This is the
so-called "vermiform appendage" of the Wombat. The free

portion is a solid mass of tissue closely similar to the tissue

composing the human appendix ; but the proximal portion,

beginning just at the point (text fig. 7, X.) where the appendage
blends or is embedded in the wall of the gut, is hollow. Owen
regards this as the tip of the large caecum indicated by the
letter C. in text-fig. 7.

In Flower's figure the wide pouch marked C. in text-fig. 7 is

lettered caecum. The author expresses doubt as to whether or
no the vermiform appendage of Owen is to be regarded as

a remnant of an originally expanded caecum, but does not
refer to the fact that only the proximal portion of the vermiform
appendage is hollow. He describes and figures, however, the
relations of the appendage to the ileum in precisely the form in

which I found them. The apertures of the ileum and of the
colon into the dorsal side of the colon lie close together on
a projection enclosed by a raised lip in such a fashion that it is

impossible to regard the so-called vermiform appendage as a

continuation of the globular proximal end of the colon. The
interjjretation that seems to be least doubtful is to regard the
projection marked Y. as the true caecum, the greater part of

which has become transformed to a solid vermiform appendage.
On this view, the ca?cal jDouch G. is merely one of the sjiccu-

lations into which the colic loop is constricted, as Owen pointed
out, by two parallel bands. Owen states that he found another
of these sacculations, close to the terminal one, so well marked
as almost to be regarded as another caecum. In one of the two
examples of the Common Wombat that I dissected, I found
another extremely well-marked sacculation forming a caecal

pouch towards the distal extremity of the colic loop. In
dissecting the intestines I came upon it first, and until the
whole pattern was? unfolded, and the true caecum in its proper
morphological position displayed, thought that I had found a

Wombat in which the caecum had no vermiform appendage.
The length and complexity of the gut-pattern of the Wombat

is in relation with the rough unnutritious diet of the animal.

The pattern, however, is seen to be a simple elaboration of

the primitive type. Apart from the peculiarity of the caecum,

the most interesting feature is the elaboration of the first

portion of the hind-gut into a colic loop. This loop corresponds
with the similar loop in Phascolarctos (text-fig. 8), and, like it, is

an ansa coli dextra, and differs from the expansion on the hind-

gut of other large Diprotodonts, e. g. Deiulrolagus (text-fig. 9),

which is an ansa coli sinistra.

By the kindness of Dr. Colin Mackenzie, I have been able to

examine the intestinal tract of two well-preserved examples
of the Koala [Phascolarctos cinereus). The duodenal region

13*
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is not sharply marked off, although in the diagram (text-fig. 8)
*

this want of separation is exaggerated. Meckel's tract is com-
posed of a number of very closely packed minor loops suspended
at the periphery of an oval expanse of mesentery. Its distal

portion bends sharply up towards the dorsal line, and then
bends downwards as if it had been dragged out of place by
the enormous caecum. The ctecum is relatively, and in a full-

sized Koala possibly absolutely, the longest csecum of any
mammal. At its proximal end its cavity is directly, continuous

Text-figure 8.-

Intestinal tract of Fhascolarctos cinereus.

S. Cut proximal end of duodenum. R. Cut distal end of hind-gut. C.C. Caecum.

C.L. 1. Colic loop {ansa coli dextra). C.L.2. Colic loop {ansa coli sinistra).

X.X. Cut ends of caecal blood-vessel.

with that of the hind-gut, and is many times larger than the

cavity of the ileum. It tapers gradually towards its apex. The

ileum opens into the doi'sal wall of the CEecum, where the latter

is continuous with the hind-gut, by a small round aperture

protected by a raised lip. Dr. Mackenzie called my attention to

a pair of pouches placed symmetrically on the lateral walls of the

gut, jiist where the ciBcum joined the hind-gut. These could be

felt before the gut was opened as a paii- of thickenings which
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Dr. Mackenzie had ascertained to consist of lymphoid tissue. On
opening the gut, each pouch was seen to have a wide aperture

towards the hind-gut, the blind apex pointing forwards towards

the apex of the c£ecum. These pouclies suggest strongly the

presence of an original puiv of cseca, the apices of which have

fused to form the prodigiously long cjecum. Tlie cjecum is

supported by a mesentery superficial to the primitive mesentery
and suspending it to the duodenal region. It is represented

as severed in text-fig. 8, and the cut ends of the csecal vein

are marked at X.X.
Immediately distad of the ctecum is an enormous colic loop,

very wide in calibre and susjiended at the periphery of an
oval expanse of the primitive mesentery, continuous with the

mesentery suspending Meckel's tract. This portion of the hind-

gut must be taken as an outgrowth of the recurrent limb of the

pendant loop, and is therefore an ansa coli dextra. It is

followed by a stout-walled portion of the gut, rather smaller

in calibre, and curving round from the colic loop to the rectal

portion. It is at this point that the intestinal tract returns to

the dorsal middle line, and a veiy strong secondary " ligament "

attaches it to the omentum and to the duodenal region. Distad

of this the calibre of the gut is again reduced, and the rectal

portion is enormously expanded and thrown into a regularly

placed set of minor loops attached to a meso-rectum which is

more semicircular in shape than in the diagram. This expanded
portion of the rectum must be regnrded as an ansa coli sirdstra.

The gut of the Koala, in relation with the diet of leaves, is very

long and very capacious. It is divided into four regions, nearly

equal in capacity, and each "bunched up" on an expanse of

miesentery. To display them on a flat diagram they had to be

slightly distorted, as well as unfolded. Comparison of the figures

of the gut-patterns of other marsupials, however, shows that in

the Koala there is only an exaggeration of familiar features,

and the pattern resembles that of the Wombat very closely. It

is interesting to notice that the gut-patterns of the ruminants,

in which also the whole gut has become much enlarged in

correlation with the diet, are strikingly difi"erent.

Family Macropodidte. Dendrolagus ursinus (text-fig. 9).

The duodenal region passes insensibly into Meckel's tract,

the latter being thrown into minor folds, which are more closely

set than in the figure. The example that I dissected was very

joung ; it was born in the Society's Gai'dens, but died before it

had left the marsupial pouch of the mother. The coils of

Meckel's tract were closely packed, and in the undisturbed

condition displayed tlie double spiral represented in the drawing
(text-fig. 9, 1). The unconvoluted distal end of Meckel's tract

was constricted as it entered the dilated hind-gut between a

normal but rather .small CEecum (text-fig. 9, C.) and a smaller
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caecal pouch of the kind frequent in Macropodidse, and probably
the remnant of the other member of an original pair. The distal

portion of the pendant loop then passed up towards the dorsal

middle line without trace of the ansa coli dextra marked C.L. 1

in text-figs. 6 & 8, but the proximal portion of the hind-gut
immediately distad of the pendant loop was thrown into a set of

Text-fiofure 9.

Intestinal tract of Dendrolagus ursimis.

1. Spiral arrangement of part of the small intestines.

Other lettering as in text-fig. 6.

minor folds, foi-ming together an ansa coli sinistra. This was
supported by the mesorectum and supplied by vessels from the
rectal vein and artery, I found a sti'ong csecal ligament, passing
from the csecum to the proximal portion of Meckel's tract, and a
short colico-duodenal ligament from the proximal part of the
colic loop to the duodenal region. These contained no blood-
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vessels, and were severed before the drawing was made from the

dissection.

In the Diprotodont marsupials the gut-pattern remains in a very-

simple condition, but the hind-gut is specially elongated. In all

the examples tliat I have dissected this elongation affects the

region immediately distad of the pendant looj^, and may be in

the form of a few wavy expansions or a moi'e concentrated bunch
of minor loops. These are all supported by a simple expansion

of the mesorectum, and represent gradations from a merely

expanded rectum to what would be regarded as a definite ansa

coli sinistra. They are mai-ked C.L. in the figures of Diprotodonts

given in my former memoir (Mitchell, 1905, figs. 6, 7, & 8) and
C.L. 2 in the figures of this communication. Examination of

the Wombat and of the Koala have enabled me to ascertain that

in these animals another " colic loop " is present. This is marked
C.L. 1 in text-figs. 6 & 8, is developed on the distal limb of the'

pendant loop, and represents an ansa coli dextra.

Sub-Class MONODELPHIA.
(Edentata.)

Order Tubulidentata.

Family Orycteropodidse. Orycteropus capensis (text-fig. 10).

In my former communication (Mitchell, 1905) I had to depend

on a description given by Flower. Since then I have had the

opportunity of dissecting the intestinal tract of an Aard-vark.

The proximal part of the gut is marked ofl' as a duodenal region

from Meckel's tract. The proximal part of the latter is a tube of

nearly even calibre and of very great length (nearly thirty feet),

thrown into minor loops arranged round an oval expanse of

mesentery and corresponding with the proximal limb and apex

of the pendant loop. The first portion of the recurrent limb is

nearly straight. The whole tract is drained by the middle

mesenteric vein, which curves round the mesentery, receiving

numerous tributaries from the minor loops.

Meckel's tract opens into a relatively large csecvun, the proximal

portion of which is expanded and globular. On opening the

cjBCum the ileo-ctecal aperture is seen to lie on the summit of a

projecting process surrounded by a circular lip that may contract

so as to occlude the aperture. A prominent ridge or flap in the

wall of the caecum passes from the proximal extremity of

the hind-gut in the direction of the ileo-caecal aperture, and
suggests a former division of the ctecum into two caecal pouches.

The first portion of the hind-gut is much expanded and

slightly sacculated. It corresponds with the distal end of

the distal limb of the pendant loop. The gut, after reaching

the point nearest to the duodenum, bends sharply backwards,

and is then expanded to form first a definite wide loop and

then a set of minor loops, finally ending in a short straight
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rectum. The wide loop appears to belong to the part of the
hind- gut distad of the pendant loop, and therefore represents an
ansa coli sinistra. As Flower has pointed out (Flower, 1872),
the total length of the hind-gut is only about seven feet. Oaecal

and colico-duodenal ligaments are both present, but have been
removed before the diagram was made.

Text-figure 10.

Intestinal tract of Orycteroptis capensis.

Lettering as in test-fig. 6.

The gut-pattern of Orycterojnis, except for the specialisation of

the hind-gut, has not moved far from the primitive condition, the
two chief changes being the lengthening of Meckel's tract and of

the hind-e-ut.

Order Pholidota.

Family Manidse. Manis tricuspis.

I have already figured the intestinal tract of the White-bellied
Pangolin (Mitchell, 1905, fig. 9). I have had the opportunity of

examining another example of this mammal. The pattern was
in all essential respects identical with that of the former example,
but the duodenal loop was not so distinctly marked oflf from
Meckel's tract, and the subsidiary coils of the latter were rela-

tively larger and more numerous than in my figure ; the tract was
very much longer than the hind-gut. A small colico-duodenal

ligament was present, but when that has been removed, as in the
figure, the primitive mesentery is seen to be complete.
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Order Xenarthka.

Family Myrmecophagidfe. Tamandua tetradactyla.

I have been able to examine another example of the Tamandua
Ant-eater. The duodenal region and Meckel's tract were almost
exactly as represented in the figure I formerly gave (Mitchell,

1905, fig. 11), except that the minor loops of the tract were
rather more numerous and more thickly set. The distal end of

the tract entered the expanded proximal end of the hind-gut
between a well-marked pair of shallow pouches corresponding
with, but not so elongated as, the pair of caeca in the Armadillo
(text-fig. 11, C). The hind-gut was relatively rather longer, and
not quite so large in calibre. It displayed a colic loop attached

to the duodenal region by a colico-duodenal ligament, but distad

of the pendant loop and corresponding Avith an ansa coli sinistra.

Family Dasypodidse. Basi/pits villosus {text-6.g. 11).

I have been able to examine the alimentarj^ tiact in a very
young example, little more than a foetus, of the Hairy Armadillo.

The duodemal region was represented by two proximal loops not
well separated from Meckel's tract.

Text-figure 11.

Intestinal tract of verj^ j-oung Dasypus villosus.

S. Cut end of the gut next the stomach ; R. Id., next the rectum,
ceeca. C.L. 2. Colic loop {ansa coli sinistra).

C. Paired

Meckel's tract was very long, and was suspended on an
•elongated fold of mesentei-y. The proximal limb of the loop thus
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formed was broken up into a numerous set of closely disposed

minor loops. The distal or recurrent limb was straight for the

greater part of its length, and as it approached the dorsal line,

entered the expanded hind-gut between a pair of cfeca relatively

longer than in the adult and disposed on the light and left sides

of the gut. The hind-gut distad of the pendant loop had a

distinct colic loop, attached to the duodenal region by a ligament,

removed before the figure was drawn.
The patterns of the intestinal tracts of the Tubulidentata,.

Pholidota, and Xenarthra afibi'd no evidence in favour of the

existence of a super-order " Edentata." Such resemblances a&

they present are best explained as a common inheritance from
the primitive type, and so afford no evidence of affinity. In the

Xenarthra, the most characteristic features are the existence of

paired cseca, which seem to be more conspicuous in the young
than in the adult, and the tendency to a great elongation of

the loop formed by Meckel's tract and the proximal portion of the

hind-gut, a tendency which is better marked in some of the

examples described in my former memoir, than in the young
Armadillo figured here. The hind-gut varies considerably both

in the different groups and even individually. The distal limb

of the pendant loop always approaches the duodenum closely, and
distad of this the hind-gut may pass nearly straight back to the

rectum, may form a shallow, or a well-marked and complex loop.

In both Marsupials and Edentates, the hind-gut appears to be

still in a variable or almost experimental stage.

Order Hyracoidea. Dendroliyrax dorsalis (text-fig. 12).

The pattern of the intestinal tract of the Hyracoidea is the

most remarkable to be found amongst mammals, and deserves

special attention, because of the difficulty that has been found in

assigning its due place to the Order amongst the mammalian
Orders. I have already described and figured (Mitchell, 1905,^

p. 461) the intestinal tract of Ilyrax capensis; since then I have

been able to examine an adult example of Dendrohyrax dorsalis

and another very young example of H. capensis, and to compare
my own observations and interpretations with those of Dr. Beddard
(Beddard, 1908 and 1909). The pattern of the tract of the Tree-

hyrax (text-fig. 12), when the secondary connections have been
severed and the tract laid out according to the method I pursue,

corresponds in all essential respects with that of other Hyra-
coids. As Owen long ago (Owen, 1832) correctly stated, the

whole tract, from the duodenum to the distal extremity of the

rectum, is suspended by the primitive mesentery from the dorsal

wall of the body-cavity. In Dendrohyrax I found interruption

in the proximal part of the mesocolon (extending from the point

marked X in the text-figure towards the recurrent limb of the

pendant loop), a gap that I did not notice in D. capensis. The
duodenal region is a distinct loop, well separated from Meckel's

tract.
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The proximal portion of Meckel's tract, as is usually the case

in mammals, is sub-divided into a number of closely-set irregular

loops. Then follows the large caecal pouch, assumed by most
authors to be the representative of the normal mammalian
caecum, but which I regard as peculiar to Hyrax (text-fig. 12,

A.C.). The gut as it leaves this is much expanded and closely

adherent to the wall of the caecum. It then runs a nearly

Text-figure 12.

Ci. 'Cx.

Intestinal tract of Dendroliyrax dorsalis.

S. Cut end nearest the stomach. R. Cut end nearest anus. A.C. Accessor}' or

median cfBCum. C. 1, C.2. Paired cseca. C. 3. Fourth ca2cum. C.L. 2. Colic

loop {ansa coll sinistra). XX. Severed ends of rectal vein. The portion of

the recto-colic mesenterj' edged with a broken line is where the mesentery was
cut ; the more proximal portion edged with an unbroken line was free from the
dorsal bodj'-wall.

straight course parallel with the long axis of the caecum, to

which it is bound by a fold of mesentery, and bearing on its

morphologically ventral or larger curvature a much smaller

csecal pouch (text-fig. 12, 0. 3), noted by Lonsky (Lonsky, 1903)
and confirmed by Beddai-d, and now by myself as present in

Dendrohyrax, absent in H. capensis. The tract now passes up-

wards towards the dorsal middle line, forming what I take to be



204 DR. P, CHALMERS MITCHELL ON THE

the recurrent limb of mammals generally, and bearing on this a

symmetrically placed pair of conical cseca, which I take to be the

representatives of the normal mammalian cajca, paired as they

are in some Edentates and in the Manatee. Distally the large

intestine forms first a colic loop, thrown into minor folds, from
its position to be regarded as an ansa colt sinistra, and a rather

long rectal portion. The posterior mesenteric vein, supplying

the distal portion of the hind-gut, has to be severed in order to

lay out the intestinal tract in the fashion of this memoir, and its

cut ends are indicated at XX, in text-fig. 12.

The difficulty in interpreting the gut-pattern of Hyrax comes
about from the presence of the csecal pouches. The small pouch,

marked 0. 3 in the diagram, appears to be more due to the con-

traction of the gut immediately proximad of it than to any
special outgrowth of the gut itself, and as it is absent in at least

one species of Hyrax, I regard it as a character without morpho-
logical significance. The very large thin -walled pouch marked
A.C. is present in all the species that have been examined. It

is a large thin-walled sac somewhat puckered by two bands

of muscle which, when it is fully expanded, give it an almost

bi-lobed appearance, somewhat exaggerated in the figure of

Hyrax capensis in my earlier memoir (Mitchell, 1905, p. 461).

The entrance and the exit of the gut lie close together at the

proximal end.

The entrance of the gut into the accessory cjecum is protected

by a raised lip. George (1874, pi. 13. fig. 3), who regarded the

accessory csecum as the true csecum, calls this entrance of the

gut into it the ileo-csecal valve, and figures it as guarded by a

flap so placed as to prevent the passage of the contents of the

fore-gut into the ctecum. I found no trace of such a structure,

and I do not understand how, if it were present, it could act.

On the other hand, the arrangement I found, by the contraction

of the lip, would prevent the regurgitation of the contents of

the cascum into the proximal pai't of the intestinal tract. The
ajDerture of exit leading to the distal portion of the gut is wider,

and is surrounded by a shallower lip. The portion of the intes-

tine into which it leads is closely adherent to the wall of the

caecum, and the cavity is at first slightly convoluted, forming

what might be described as a separate chamber of the ca;cum,

but in H. do7'salis this is not so well marked as in the figure

given by George (1874, pi. 13. tig. 4). There is a general

resemblance between this caecum and the normal caeca of those

mammals in which the caecum is capacious and relativel}'- short.

The normal cfecum of mammals, however, always appears to

be a forward continuation of the hind-gut, the one cavity being

directly continuous with the other in the simplest fashion, except

in those cases in which it is slightly complicated by vestiges of the

presence of the second caecum of an original pair. This is unlike

the complicated relation of the unpaired caecum of Hyrax to the

^ut that leaves it. A comparison has been made between this
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ceecum of Hyrax and the normal caecum of the Rhinoceros. I

find none but the most general and vague resemblance. The
caecum of Hyrax is irregular and varying in shape, supported by

£1, / £a^ /
J'I'll I I / //y A
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H.

The cseca of Hyrax dorsalis.

I. Anterior or accessory caecum. II. Paired or distal caeca. S. Cut end of intes-

tinal tract towards stomach. H. Cut end of intestinal tract towards anus.

• W. Cut edge of gut where a portion of the wall has been removed to display

the interior. A.C. Accessory or anterior ca3cum. C.3. Ceecal pouch distad of

A.C. C. 1, C. 2. Paired cajca. En. Entrance, Ex. Exit of gut.

two bands of muscle, which in certain conditions of distension

give it an almost bi-lobed shape, communicates with the leaving

portion of gut in a complicated fashion, and has nearly fluid
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contents *. The caecum of the Rhinocei^os is a short cone taper-

ing to a point and regularly sacculated along three bands of

muscle, communicates with the hind-gut, of which it appears to

be the forward continuation, by a simple wide aperture, and its

normal contents are solid.

The paired cseca are conical outgrowths, placed symmetrically
on the sides of the hind-gut. As shown in the figure (text-

fig. 13, II.), their cavities are widely continuous with that of the
hind-gut, and what I regard as the distal end of the ileum
enters the hind-gut exactly in the middle line between them.
In D. dorsaUs the ileum is lined by longitudinal lappets which
cease abruptly between the caeca, the lining membrane of these

being smooth, and that of the hind-gut studded with filiform

papillae. The contents of the cseca consist of faecal matter of the
same consistency and appearance as that in the hind-gut. Some
confusion has crept into the literature regarding the orientation

of the paired cseca. As in the case of the colic caeca of birds

and of mammals, Avhether there be a single caecum or a pair,

the caeca are the forward continuations of the hind-gut, and
their apices are directed forwards, parallel with the ileum,

towards the proximal extremity of the whole gut. As, however,
the tract lies folded within the body-cavity, in the undisturbed
condition, the portion of the gut to which the caeca are

attached ascends from the distal and ventral region of the
body towards the dorsal and anterior middle line, it may be said,

in the phrase of KauUa (Kaulla, 1830), that the caeca apice pelvein

speotant. The paired caeca, in fact, lie on the recurrent limb of

the pendant loop, the position in which the true caeca of all

mammals lie. This morphological position, which in my opinion

is sufiicient to identify the paired caeca of the Hyracoidea as the
homologue of the true cfeca of mammals, is quite apparent if the
various diagrams I have given in this memoir, and in my earlier

memoir, be compared. But the homology is equally plain from
another consideration. When the abdomen of any mammal is

opened, the caecum, if it exist, is found with its attachment to

the gut towards the right side of the body, more anteriorly or

posteriorly placed according to its place on the recurrent limb of

the original pendant loop. If the caecum be very large, and
especially when it is long and coiled, it may extend towards the
left side of the body, reaching well across the middle line. If it

be very small, its position on the right side is obvious. As a
supposed resemblance between the unpaired caecum of Hyrax
and the noi-mal mammalian caecum of the Rhinoceros has been
alleged against the homology I make, I may refer to the figures

of the undisturbed abdominal viscera of the Rhinoceros given
by Garrod (Garrod, 1873, fig. 5) (Beddard & Treves, 1887,

* From observations on a living Syrax, whicli was in my possession for nearly
eighteen months, I infer that the contents of the intestines may pass directly from
the aperture of entrance to the aperture of exit of the accessory caecum, and that the
latter gradually tills with a fluid and is discharged at infrequent intervals (usually
about fortnightly), apart from the normal daily defaecation of solid faeces.
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fig. 2). In these drawings the position of the cBecum on the
i-ight side is well shown. Dr. Beddard's own generalised dia-

grams of the mammalian gut (Beddard, 1908, text-figs. 122 &
123) show the same point. Now, if Dr. Beddard's own diagram
of the alimentary tract of H. capensis (Beddard, 1908, text-

fig. 115) be examined, it will be seen that he represents (and all

my observations confirm him on this point) the paired ceeca in

the undisturbed condition as lying on the right side, in the true
position of the normal mammalian caecum, with which he does
not homologise them, and the unpaired caecum as attached to the
gut nearly in the middle line, much to the left of the paired

cseca, and therefore in a position in which the normal mammalian
csecum never lies. As a matter of fact, the accessory caecum
of the Hyracoidea, both in the young and the adult, lies in

a region of the body-cavity always occupied in mammals by the
coils of the small intestine.

Although Dr. Beddard (1908, p. 595) makes the general state-

ment that the series of facts (rotation of the gut in the body-
cavity, mesenterial attachments, formation of " fixed " loops)

cannot yield any accurate classificatory results, he appears to

rely on precisely such facts in his endeavour to show that the
unjjaired cfecum of Hyrax is homologous with the normal caecuin

of mammals, and that the intestinal tract of the Hyracoidea is

to be associated with that of the Perissodactyle Ungulates. As
he himself has shown conclusively, rotation of the gut occurs in

almost every group of mammals, and therefore its presence, or

even the stage to which it has reached, does not assist us in the
attempt to detect relationships. I have already (suiwa^ p. 184)
shown that it is necessary to distinguish carefully (a point that
Dr. Beddard has overlooked) between the secondary connections
and the primitive mesentery, as the former are almost certainly

convergent adaptations. Even assuming, however, that the
ligaments might yield evidence of affinity, those that are present
in the Hyracoidea do not support Dr. Beddard's argument. A
strong wide ligament attaches the unpaired caecum to the portion

of the gut which leaves the caecum. This is more extensive in

H. capensis (Beddard, 1908, text-fig. 115, 1) than in D. dorsalis,

in which it extends no further than the additional small csecal

pouch (text-fig. 12, C. 3) present in that species. Dr. Beddard,
in directing attention to this, points out that the single caecum
of mammals, however small, is usually, possibly invariably,

attached to the adjacent wall of the gut by such a ligament. It

happens, however, that the mesentery of the true caecum in other
mammals passes between the true caecum and the ileum, that is

to say, the portion of the gut entering, not leaving the caecum.

I do not know of any exception to this relationship, which is in

correspondence with the appearance that the caecum pi-esents of

being an anteriorly directed outgrowth of the hind-gut, running
forwards roughly parallel with the ileum. This normal mesentery,
stretching between the caecu.m and the ileum, is absent in the
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case of the unpaired caecum of Hyrax, yet present in Perissodac-

tyles, as in most other mammals. That there is in Perisso-

dactyles (see infra, p. 222) also an adventitious set of fibres

binding the true csecum to the proximal end of the hind-gut,

affords no indication of affinity. Another secondary ligament

stretches from the duodenal region to the portion of the gut

immediately distad of the paired cseca of Hyrax (Bedda.rd, 1908,

text-fig. 115, c.d.). The possibility of this attachment being

formed depends, in my opinion, on the fact that at this point

the recurrent limb of the pendant loop nearly reaches the dorsal

middle line, and therefore approaches the duodenum very closely.

If any importance can be attached to its presence, it clearly

marks the region just distad of the paired cseca as the beginning

of the hind-gut, and corroborates my orientation of the gut. A
third secondaiy ligament well developed in the Hyracoidea is that

between the omentum and the t]-ansverse colon (Beddard, 1908,

text-fig. 115. O.). This also, so far as any significance can be

attached to its presence, identifies this portion of the gut, distad

of the paired ceeca, and indicates the homology of these organs

with the normal mammalian csecum. Dr. Beddard himself sees

the weight of this objection to his argument, but endeavours to

get out of the difficulty by discussing the varying disposition of

the corresponding attachments in different Rodents. When one

is ti-ying to prove the affinity of Hyrax with the Rhinoceros on

the ground of the attachment of certain ligaments, the argument

does not appear to be much strengthened by showing that these

attachments are not the same in Dasyprocta as in other Rodents.

So far as I am able to follow it. Dr. Beddard's third point,

relating to the presence of an ansa 2yciTa,cmcalis in Hyrax com-

parable with the ansa paraccecalis of Perissodactyles is uncon-

vincing. The portion of gut (Beddard, 1908, text-fig. 113, ^. a.)

which he thus designates in Hyrax, just distad of the un-

paired caecum, is plainly extremely different from the huge and

extremely definite colic loop, consisting of a closely applied

proximal and distal limb of very wide calibre, held together by a

very narrow expanse of the primitive mesentery, which forms,

perhaps, the most characteristic feature of the gut-pattern of the

Tapirs, Horses, and Rhinoceros (Mitchell, 1905, figs. 23-25, C.L.,

and text-fig. 20, infra). As it happened, I found no definite

structure comparable with the loop figured by Beddard in

H. capensis or in B. dorsalis. If any comparison with the colic

loop of Perissodactyles were to be made, on the assumption

that the unpaired cfecum of Hyrax is identical with the caecum

of Perissodactyles, the analogue would be the whole expanse of

the gut from the unpaired caecum to the point where the recurrent

limb approaches the duodenum.

To sum up. If the accessory caecum were absent, anatomists

would have found no difficulty in identifying the paired caeca of
•

Hyracoids with the normal mammalian caecum, a structure

which, although usually unpaired, frequently shows vestiges of a

primitively paired condition, and less frequently is actually
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paired. In their structure, morphological position on the gut,,

position as seen when the abdominal cavity is opened, and
attachments, they correspond with the normal mammalian
caecum. The accessory caecum of Hyracoidea differs from the

normal mammalian caecum in structure, morphological position on
the gut, position in the undisturbed body-cavity, and attach-

ments. The attempt, based on minute details of structure, to-

identify the unpaired ca?cum of Hyracoids with the unpaired
caecum of a Perissodactyle such as the Rhinoceros, makes the

pi-esence of paired caeca still more inexplicable. I adhere, there-

fore, to my identification of the paired caeca of Hyracoidea with
the normal mammalian caecum. Owen (Owen, 1832) definitely

compared the paired caeca of Eyrax with the paired caeca of

Edentates and of birds, and the unpaired caecum with the
" additional single caecum, anterior to these, found only in a few
species (of Birds)." This appears to be the most reasonable

interpretation of the facts. I am unaware of any reason for

]-efusing to identify the paired caeca of Edentates (and of the
Manatee) with the normal mammalian structure, and I have
shown good reason for identifying the normal caeca of birds with
the mammalian caecum or caeca. I have shown (Mitchell, 1901)
that what Owen calls the "anterior caecum, found only in a few
species," which, of course, is the remnant of the yolk-sac, is of

frequent occurrence in advilt birds, that its constant presence is a
character of many groups, and that in certain cases (Mitchell,.

1903) it is transformed from a vestigial structure to a well-

marked glandular organ. The corresponding structure in mam-
mals, known as Meckel's diverticulum, is a rare abnormality,,

but has been recorded as occurring in just over 2 per cent, of

human bodies. It is a diverticulum of the small intestines

lying almost exactly in the region where the unpaired caecum of

Hyrax is found. If this identification be correct, the unpaired

caecum, obviously functional in the adult Hyracoids, has acquired

an importance that is unknown in any other group ; but this

is a supposition less difficult than the view that the Hyracoids
display a loop of the gut identical with that of Perissodactyles

generally, a caecum corresponding in minute detail with the

caecum of the lihinoceros and paired caeca peculiar to them and
the Edentates.

Examination of the intestinal tract of D. clorsalis, and con-

sideration of the points raised by Dr. Beddard, therefore, confirm

the view I stated formerly (Mitchell, 1905, p. 463). The general

pattern of the intestinal tract of the Hyracoids suggests nO'

affinity with the patterns exhibited by Rodents and Ungulates.

The simple duodenum, the nearly circular Meckel's tract, and
the hind-gut* divided into a simple colon and rectum merely

* It is, of course, plain that by "hind-gut" I imply the region distad of the
paired caeca, as I reckon the part of the gut between these and the unpaired cascum
as part of the small intestine. When Beddard (1908, p. 583) stated that my de-

scription of the hind-gut was " incorrect " he was merely restating his belief that the
unpaired caecum was the true caecum, and that all the gut distad of this, including
what he took to be a paracsecal loop and the paired caeca, was hind-gut.

Proc. Zool. Soc— 1916, No. XIY. 14
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conform with the general mammalian plan. The presence of the

paired cteca, on my view that paired cfcca are a primitive mam-
malian feature, does not help us with the placing of the group.

The most striking resemblances are with the patterns displayed

by the Edentate group Xenarthra and the Manatee among the

Sirenia. But it must be remembered that the common possession

of a primitive simplicity is no guide to affinity.

Order Proboscidea. Elephas maximus (text-fig. 14).

I have been able to examine the intestines of a. young Indian
Elephant, and I find that the pattern, in all essential respects, is

identical with wliiit I have already figured for the African

Text-figure 14. ^

Intestinal tract ot J^Jlephas maximus.

S. Cut end of grit next stomach. R. Ciit end of gut next anus. C. Cfficuni.

C.L. 2. Colic loop (ansa coli sinistra).

Elephant (Mitchell, 1905, fig. 16). There is a sejjarate duo-

denum ; Meckel's tract is supported on a nearly circular expanse

of mesentery, its proximal portion being thrown into numerous
minor loops, a,nd its distal portion, forming the first part of the

recurrent limb, is inserted to the dorsal edge of a moderately

large conical caecum. The hind-gut is not much shorter than the

fore-gut, is of larger calibre, and thrown into comparatively
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large niiaor loops with ;i very short straight rectum. Although
the primitive mesentery saspeudiug the whole length of the
intestinal tract is continuous, a stroug secondary connection
forming a cavo-duodenal ligament attaches the proximal part of

the colou to the duodenal region, and has to be severed before

the gut can be laid out to display its pattern. The inner dorsal

wall of the CBeaum displayeil a median fold, running along the

dorsal wall somewhat in the fashion of tlie typhlosole of the

earthworm. It is conceivable that this may indicate an original

paired condition. In the case of these very simple patterns, it

is rather easy to see resemblances which may have little signi-

ficance, but it is undoubtedly notable that the pattern of the

Proboscidean gut in no way suggests that of the true Ungulates,
4i,nd very strongly recalls that of the Sirenia (Mitchell, 1905,

Hg. 15).

Order Oetacea.

Sub-Order Mystacoceti. Balimioptera physalus (text-

% 15).

By the kindness of Mr. J. Erik Hamilton, I have had the

oppoi'tiinity of dissecting a young embryo of the Common
Rorqual {Balceiioptera phijsalus) taken from an adult captured

at Belmullet, Ireland. The duodenal region (text-fig. 15) is not

sharply separated from Meckel's tract. The latter is of even

calibre, and is thrown into a very large number of short, regu-

larly disposed minor loops suspended at the periphery of a much
elongated oval expanse of mesentery. These loops extend to the

extremity of the ti-act, and just where the recurrent limb of the

usual pendant loop begins its straight course towards the duo-

denal region, there lies n single small caecum. The hind-gut

consists of the almost straight recurrent limb, a short transverse

colon very close to the duodenum, but so far as I could make out,

suspended at this point only by the primitive mesentery, and of

n rather long nearly straight rectum.

The crecum is short, but rather wide ; its cavity is continuous

with that of the hind-gut, and separated by a simple semi-lunar

ila,p from the entrance of the ileum.

I have already described and figured the gut-pattern of one of

the Odontoceti (Mitchell, 1905, fig. 17). The Toothed Whales
have no caecum, antl the whole length of the gut, from the

stomach to the anus, is suspended on a straight dorso-ventral

mesentery, all of it, except a very short rectum, being tlu'ovvn

into closely-set minor loops. I ventured on the opinion, howevei",

that this almost i-eptiHan simplicity was not primitive, a.nd,

judging from the description given by Flower (1872, p. 428), I

suggested that the gut-pattern of Whalebone Whales would
approximate more closely to the common mammalian tj^pe. This

is actually the case. The characteristic mammalian pattern

1
4-
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appears in the Rorqual ; the whole proximal limb of the pendant

loop is thrown into very numerous minor folds ; the caecum is

placed more proximally on the loop, that is to say, nearer the

tip of the loop than in most mammals ; with the elongation of

the mesentery suspending Meckel's tra,ct, the recurrent limb,

composed in this case almost entirely of hind-gut, is unusually

Text-figure 15.

Intestinal tract of embryonic Halanoptera pln/salus.

S. Cut end of gut nearest stomach. R. Cut end of gut nearest anus. C. Csecum.

long, and the rectum, although straight, is also long. In the

Toothed Whales, partly in relation to the diet of fish, Meckel's

tract has become enormously long and its minor loops very

numerous, the ctecuin has disappeared, and the recurrent limb has

shortened until no trace of it remains. The complexity of the

stomach is so elaborate and so alike in Toothed Whales and
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Whalebone Whales, that were there no other reason for associating

these creatures, it would be impossible to place them far apart, and
it must be inferred that, so far as the gut-patterns afford indica-

tions, tlie Toothed Whales are more highly modified than the
Whalebone Whales. If we are to seek for indications of the affini-

ties of the Cetacea, it must be from the Mystacoceti, and not from
the Odontoceti, tliat we start. The ditficulty is that a veiy simple
and primitive gut-pnttern affords few indications. It is plain

that the Cetacean gut-pattern shows no trace of special resem-
blances with the patterns of the Ungulates or of the Sirenia.

There is some indication of similarity with the gut-patterns

of the aquatic Carnivores (see Mitchell, 1905, fig. 32, and
text-figs. 26 & 27, infra), but the more distal position of the
csecum {i. e., tile greater distance from the apex of the pendant
loop) and the lengthening of the hind-gut in the Carnivores
present notable difterence. Unfortunately, we do not know the

gut-patterns of extinct mammals, but, so far as may be judged
from Carnivores and Insectivores, it seems probable that the
Creodonts had an alimentary tract showing a simple pattern

much like those suggested in text-figs 1 A and 1 B of this

memoir. The most notable peculiarity in the Cetacean pattern

is the position of the coecum towards the a.pex of the pendant
loop, a peculiarity that occurs also in the Monotremes and some
of the Edentates. The lengthening of the gut a.nd mesentery in

the longitudinal axis of the body, the great increase in the

number of the minor loops on Meckel's tract, and the retention

of the importance of the primitive mesentery ai'e such adaptive

characters as might be expected in animals that had taken to an
aquatic life. The gut-pattern of the Cetacea, then, is compatible

with the view that Cetacea represent a, very primitiA'e stock,

long adapted to aquatic life.

Order Artiodactyla.

Sub-Order Non-Ruminantia.

Family Hippopotamidfe. Jlipjwpotamus amphibias (text-

fig. 16).

The duodenum and Meckel's tract are not sharply marked off

from one another. This part of the gut is extremely long (in

text-fig. 16 it has been somewhat simplified), and is thrown into

numerous minor folds compactly crowded on the periphery of an
oval expanse of mesentery. There is no cpecum, but an increase

of calibre towards the apex of the pendant loop seems to mark
the point where, on the recurrent limb of that loop, the fore-gut

passes into the hind-gut. The distal portion of the recurrent

loop is thrown into a set of very large minor loops, attached to

the edge of the mesenterial expanse opposite to that suspending
Meckel's tract, and therefore representing a.n atisa coli dextra.

The distal end of tliis colic loop, or series of minor colic loops,
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approaches the duodenal region, whei'e it is attached, by a s^trong-

rather wide ligament, partly to the duodenum and partly to the
omentum. The gut tlien bends sharply round to form the
straiglit rectum of moderate length.

Text-fii-ure 16.

Intestinal tract of Hippopotamus ampJiibius.

S. Cut end of gut nearest stomacli. R. Cut end of g-ut nearest anus.

C.L. 1. Colic Loop {ansa coli dextra).

Family Suidae. Bahirussa habirussa (text-fig. 17).

In the Swine, the duodenal region is better marked off, and
consists either of a single or a double loop. Meckel's tract ''is

very like tliat of the Hippopotamus, l)eing of even calibre, very
long, and disposed in closely packed minor loops. From the apex
the recurrent limb of the pendant loop runs dorsally a short

distance and then bends to enter the large cpecum, which is a,

forward continuation of the cavity of the hind-gut. Distad of

the cjecum, the pendant loop, in*the region occupied b}^ a set of

large folds in the Hippopotamus, is developed into a,n enormous
double spiral, reallj' composed of a very la.i-ge single loop, the
proximal limb having a, larger calibre than the distal limb. This
spiral, in some of the Swine, e. g., the common ing.audBaMrussa
is a conical mass, in shape not unlike the shell of a whelk. In
Phacochceriis and in Dicotyles the colic spiral was much flatter,

more like a coiled watch -sjjring. The hind-gut on leaving the
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spiral runs up close to the duodenal region, and then bends over
to form a relatively long but nearly straight rectum. The spiral

loop, which from its position is an ansa coli dextra, is very capa-

cious and very heavy, and the portion of primitive mesentery
that suj)ports it, and that cari-ies the enormous blood-vessels

supplying it, is reinforced by a strong band of fibres fastening it

partly to the duodenal region and partly to the omentum. A
similar, but much slighter secondary connection, ties the portion

of the hind-gut most contiguous to the dorsal middle line (distal

extremity of the pendant loop) to the duodenal mesentery.

Text-fioure 17.

Intestinal tract of Bahiriissa hahirussa.

Letteriiiff as in text-tiss. 15 and 16.

Sub-orders Traguloidea, Tylopoda, and Pecora.

I have examined the intestinal tracts of several mammals
belonging to these three closely related sub-orders, since I

formerly gave an account of the patterns displayed in the

va,rious families concerned (Mitchell, 1905), but as I have little

of general interest to add, I shall review the group as a whole.

The duodenal region is usually well separated, forming a long

distinct loop in nearly all, but rather less marked in the

Traguloidea and Tylopoda.. Meckel's tract is invariably enor-

mously long, of even calibre, and thrown itjto a very large number
of minor loops closely set round the periphery of the usual
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mesenterial expanse. These minor loops cease towards the apex
of the original pendant loop, tlie first portion of the recurrent

limb being nearly straight, until it bends over to enter the

caecum. The ctecum is alwaj's present and is capacious, but not

of great relative length. In Moschus, as an exception, it is very

long a,nd narrow. Its cavity is a, forward continuation of the

cavity of the hind-gut. I have already shown (Mitchell, 1905,

p. 518) that the relation of the ileum to the caecum and hind-gut
-often presents appearances best explained on the supposition that

the normal caecum is the surviving member of an original pair of

caeca. I figured a mass of lymphoid tissue in the case of Gazella

marica, so situated that it seemed to represent a degenerate

second csecum. In an example of Moschus moschifents that I

have examined since, the same portion of the gut was occupied

by a distinct caecal pouch, the aperture to which was marked off

by a V-shaped lidge. The iliac aperture lay on a raised lip

between this and the wide aperture of the true caecum.

'lA. CzA
Ileo-Cifical region in MoscJms moscliiferus.

Q. Cut CEBCum. H. Cut hind-gut. S.I. Cut small intestine. W. " Window " cut
in the wall of the ileo-cwcal region. I.A. Aperture of ileum to csecum and
hind-gut. C. 2. Second Cfecum. C. 2 A. Aperture of second Cfficum to hind-gut
protected by V-shaped I'idge.

I can suggest no explanation of this arrangement other than
that the second membei' of a primitive pair of cfeca is less

vestigial than is usual.

On leaving the caecum the hind-gut has a much smaller calibre

than is usual in mammals, being little wider than the distal end
of the ileum. The length and peculiar arrangement of the
hind-gut form the most characteristic feature of the intestinal

pattern of this group of Artiodactyles. Immediately distad of

the cajcum, there is usually a rather narrow single loop, which
I called the postcecal loop (Mitchell. 1905, fig. 22, P.O.L.).

Dr. Lbnnberg (Lonnberg, 1907, p. 241) objects to this name,
inasmuch as he himself (Lonnberg, 1903, p. 7) had termed a

similar loop in various ruminants the ansa j^'^'oximalis. Dr.
Beddard in a later paper (1909, p. 181) calls this loop the ansa
paraccecalis. The name is of little importa,nce, but paiacaecal or

postcaecal describes its position bettor Its presence is variable
;
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I did not find it in Traguloidea or Tylopocia, but it is present in

most of the true ruminants. Dr. Beddard describes it as

practically absent in Madoqua and as spirally twisted in Moschus.

In a Musk-deer that I examined, it was long, but showed no
trace of a spiral.

Distad of the postcsecal loop, the recurrent limb of the pendant
loop is disposed in a spiral coil characteristic of the true

ruminants and equally well marked in the T^dopoda.. It is this

region of the gut that forms a set of large coils in the Hippo-
potamidse, and a spiral arranged to form a solid conical mass in

the Suidae. In the Traguloidea, as has been already described

by me (Mitchell, 1 905) and confirmed by Beddard (Beddard, 1909),

the colic spiral is very small and is not flattened. In the

communication just cited, Dr. Beddaid describes a somewdiat

similar very small spiral in the minute antelopes of the genus

2Iadoqua, but in Tylopoda and all the true ruminants, except

Madoqua, of which the alimentary canal has been described, the

spiral is nearly flat and consists of a var3'ing' number of tiu-ns.

This flat s]jii"^lj i^i the undisturbed condition, is folded against

the mesentery that supports Meckel's tract in the fHshion that

the contiguous pages of a closed book touch one another. The
spii-al is much smaller than the expanse of the tract, and, in the

undisturbed condition, it appears to be surrounded by the curved

line formed by the minor loops of the tract. This arrangement,
which is familiar to anatomists, is well represented in some of

the figures given by Dr. Lbnnberg and Dr. Beddard (e. g. Lonn-
berg, 1907, flg. 4 ; Beddard, 1909, text-fig. 14). The spiral coil is

composed of a long narrow outgrowth of the hind-gut, rolled up
from its apex, and the primitive mesentery belonging to the

spiral has coalesced with the mesentery supporting Meckel's

tract in so complete a. fashion that '' short-circuiting " blood-

vessels appear to supply these two vei-y difierent regions of the

intestine indifferently. Moreover, especially where the coil is

large, secondary bands of fibres unite the coil firmly with the

intestinal region against wdiich it is pressed. Unfortunately,

Dr. Lonnberg does not appear to have considered these primary
and secondary attachments, and Dr. Beddard s figui-es (e. g.

Beddard, 1909, text-fig. 15) do not distinguish between the five

different sheets of membrane to which the connections between
adjacent portions of the spiral coil may be referred, that is to

say, the double layer of the pi'imitive mesentery of Meckel's

tract to w^hich the spiral coil is adherent, the double layer of the

primitive mesentery of the coiled loop that forms the spiral, and
the adventitious layer of connective-tissue fibres which assists in

holding the coil in its place. This absence of distinction would
be of no moment if the figures were, like my diagrams, intended

merely to represent the general morphology of the gut-pattern,

but it is another matter when the attempt is made to distinguish

between species and species by the characters of the spiral coil.

Dr. Lonnberg, who has made such an attempt, has devised an
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ingenious method of figuring the spiral. He selects what he
takes to be the apex of the loop, and up to this point tints the
entering limb of the intestine black, leaving the limb of exit

from the apex outwards round the spiral in grey (Lonnbei\g,

1907, fig. 4). Dr. Beddard has adopted Lonnberg's method and
has carried it further. In a, set of diagrams (Beddard, 1909,
text-fig. 13) he represents the colic spirals of six animals and
arranges them in two series, each series indicating what he
describes as a distinct type of spiral. In each case he has
selected what he takes to be the apex of the loop, and, like

Lonnberg. shades the entering limb bla,ck, the limb of exit grey.

In one series, containing Madoqua 2'>hillips\., Cejiihaloph^is dorscdiSy

and Moschus moschlferus, the entering limb of the intestine is on
the smaller curve of the spiral as it approaches the apex, and if

the apex happens to point towards the end of the long axis of

the spira,l, away from the point of entrance, then the entering
limb finishes on the csecal side of the apex. In the second seides,

containing Tragulus stanleyanus, Cejjhalo])}^.? maxivelli, and
Aoitilocapra americana, the entering limb of the intestine lies on
the larger curve of the spiral as it approaches the apex, and if

the apex happens to lie towards the end of the long axis of the
spiral away from the j)oint of entrance, or be imagined to have
grown round to that point, then the entering limb finishes on
the opposite side of the apex from what hajDpens in the first

type. This distinction between the types of spiral is stated by
Dr. Beddard to be so important that the presence of one type in'

one species of Cejjhalophtcs, and of the other in another species

of that genus, is a generic distinction, confirming certain

undesignated difiei'ences in external characters which " appear
to him to be quite as great as those which distinguish certain

other ii;enera. of Antelope."

It is plain, however, that the i-eality of the distinction on
which Dr. Beddard relies, depends on the actual point selected

as the apex of the spiral. In text-fig. 19 I have reproduced
the drawings which Dr. Beddard gives as the first examples of

each type (Beddard. 1909, text-fig. "l 3, 1, 2), with the altei^ation

that they ai-e revei'se'l as in a mirroi-, to make easier comparison
with Dr. Lonnberg's figure (Lonnberg, 1907, fig. 4) and my own
diagrams, and with an addition to which I shall refer presently.

Obviously, if Dr. Beddard had continued the black shading-

representing the ingoing limb of the intestine from the point

marked X, where he left it in the figure of Tragulus, to the
point I have marked XX in the same figure, the two '' types "

of spiral would have been in every way identical. Anyone who
has a.ttempted to follow the closely adpressed limbs of a. compli-

cated ruminant spir-al on the actual specimen, will appreciate

that the fixing of the actual apex is a difiicult judgment and not

a, substantial basis for the discrimination of types or the deter-

mination of genera. ' The judgment is the more difiicult, because,

as I have already explained, any two contiguous portions of the
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sj)iral ma}' be united either by their own primitive mesenteiy,
by the primitive mesenter}' of Meckel's tract, against which they
are fixed, or by adventitious fibres. There is, l)owever, a definite

morphological criterion. The pi-imitive mesentery of the loop

which is coiled into a spiral, whether it be retained in whole or
in part, fused with or replaced by the mesentery of Meckel's
loop or adventitious fibres, must have been attaclied along the
primitive dorsal line of the gut, that is to say, the side of the
hind-gut opposite to that on which the caecum lies, the side into

which the ileum opens. In text-fig. 19 I have dotted in the
j)rimitive mesenteiy, and it will be seen at once that in the figure

of Modoqua Dr. Beddard has adjudged the apex correctly (X),

Text-fio-uie 19.

Diagrams of Beddard's types of colic spirals.

1. 3TadoqtM pMlHpsi. 2. Traguhis stanleyanus.

Modified from Heddard (1909, text-fig. 13, 1, 2). The distal end of the ileum, the
csecum, and the entering limb of the intestine in black; the outgoing limb is

unshaded. X. Beddani's apex, the true apex in 1. XX. The true apex in 2.

The dotted surface is the primitive mesentery of the loop.

but that in the figure of Tragulus he has adjudged it incorrectly.

If in that ligure the point marked X were the apex, tlien the
mesentery would be attached to the wrong side of the gut. If,

on the other hand, the mesentery be considered, the point that I

have marked XX is seen to be the true apex, and the blackening

of the ingoing limb should have been continued from X to XX,
so abolishing the distinction between the two types. Preciselv

in the same way, in Dr. Beddard's figures of Cej^halophus maxiveUi
and Antilocapra americana (Beddard, 1909, text-fig. 13, 2a, 2h)
and in Dr. Lonnberg's figure of the Elk (Lonnberg, 1907, fig. 4),

from which Dr. Beddard's method was taken, tlie point tliat has
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been selected as the apex would place the mesenteiy on the
wrong side of the gut. The supposed distinction in type does
not exist.

I do not doubt but that an intensive study of these ruminant
coils may lead to very interesting results. It is important to
realize, however, that a naive comjjarison and description of such
couiplex structures may be extreujely misleading.

Distad of the colic spiral the recurrent limb of the pendant
loop undergoes a further complication before it reaches the
dorsal middle iine. The outgoing limb of the spiral, still with
its mesentery adherent to the mesentery of Meckel's tract,

pursues a circular course, following the line of the secondary
coils of Meckel's tract and lying between this and the spiral

itself until it reaches the duodenal region, where its suspension
is usually reinforced by a colico-duodenal ligament, and then
bends round to form the rectum, which passes backwards towards
the anus suspended in the usual fashion by its own primitive
mesentery. The adherence of this special coil to the mesentery
of Meckel's tract is so close, that 1 have never been able to
dissect it off with any portion of its own mesentery, and I
suspect that this mesentery has disappeared. In the diagrams
that I have given of Traguloidea, Tylopoda, and Pecora (Mitchell,

1905, figs. 19-22), this portion of the gut is marked S.F.,

supra-meckelian fold, and is displayed as dissected off and free

from mesentery. This region appears to be simplest in the
Ti-aguloidea and the Tylopoda, but in an example of the White-
tailed Gnvi {ConnochcBtes gnu) I was surprised by finding it reduced
to a single quite narrow loop. In the Giraffe it is very com-
plicated, forming, instead of a wavy line round Meckel's tract, a
set of irregular loops in the space between the tract and the
spiral coil, rather like a similar series that Dr. Lonnberg has
figured in the case of a foetal Elk (Lonnberg, 1907, fig. 4)*. In
some of the deer, sheep, and goats that I have examined, the
general course of this loop is a sweeping curve concentric with
the cvirve of the minor loops of Meckel's tract, but at the distal

end, just before bending over to form the rectum, it gives rise

to a quite definite, straight, and rather narrow loop, stretching
across towards the spiral coil and sometimes even crossing a
portion of the coil.

I am reluctant to suggest homologies between the minor loops

found on the veiy peculiar hind-gut of this group of Artio-
dactyles and the minor loops found in the hind -gut of other
groups, as it seems to be plain that we should have first to ti'ace

such loops down to their form in the ancestral Artiodactyle,

Rodent, and Primate, and so forth, before instituting any valid

comparison betvveen their appearances in the higher members of

these difi;erent gi-oups. In the very general sense, however, that

the distal or dorsal extremity of the recurrent loop corresponds
with the transverse colon, and a specialized outgrowth to the
right of this may be na.med an ansa dextra, a specialized out-
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growth to the left an ansa sinistra, then both tlie spinal loop and
the supra- meckelian fold of Pecora, Tjdopoda, and Traguloidea
may be taken to represent ansce dextrce.

Farther work, and the consideration of the points raised by
writei's who have followed me, have not given me any reason to

modify the general summary I gave in 1905 (Mitchell, 1905,

p. 476):—"The Ruminant Artiodactyles display a pattern

peculiai' to the group, and chai-acterised by the enormous length,

special modification, and ai-rangement of the hind-gut. In all,

the hind-gut displays three well-marked regions : a spiral loop

simjoler in Tragulus, in"' (most of) "the others forming a, closely-

coiled, flat, watch-spring like arrangement, folded over on the
mesentery that supports Meckel's tract ; a supra-meckelian fold

which, in the characteristic and most specialised cases is stretched

round Meckel's tract just at the line where tlie minor folds leave

the mesentery, and which is di'ained by branches from the vessels

of Meckel's tract ; and a rectal portion, the degree of convolution

of which varies nearly directly with the size of the animal.

"The non- ruminant Artiodactyles display a pattern funda-
mentally similar to, but less complicated than, that of ruminant
forms. Meckel's tract is almost identical in its disposition.

The spiral coil of the hind-gut" (usually, not in the Hippo-
potamus) " is present and is very large, but its calibre is widei-

in proportion to its length, and the coiling is not so flat. There
is no more than a trace of the supra-meckelian fold, so that the
hind-gut, although long, is less differentiated."

Order Perissodactyla. (Text-figure 20.)

I have little to add to the account T have already given
(Mitchell, 1905, p. 476, figs. 23, 24, 25) of the gut-pattern of

the Rhinoceros, Tapirs, and Equidse. For convenience, I repeat
as text-fig. 20 the figure I have already given (Mitchell, 1905,
fig. 25) of the gut-pattern of Eqims (jranti. I have added at

M. the portion of primitive mesentery between the caecum a,nd

the ileum, and at XX have marked the line along wdiich the
cfecum is tied by adventitious fibres to the colic loop. I have
verified these points on the domestic horse, as no example of a
zebra was available. In the thi'ee families the pa.ttern is quite

definite and I'emarkably uniform. The duodenum is a distinct

loop, Meckel's tract is relatively short and compact, the caecum
is very capacious, but relatively smaller in the Rhinoceros than
in the others, and situated rather high up on the recurrent limb
of the pendant loop. It is greatly exceeded in capacity by an
enormous narrow loop, each limb of which is large in calibre,

formed as an outgrowth of the distal jjortion of the recurrent limb.

The hind-gut then bends round to form the relatively simple
rectum. The caecum is connected with the distal extremity of

the ileum by a short doul)le fold of mesenteiy, the usual remnant
of the jDrimitive mesentery which is found in this situation in
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most mammals. It extends from the base of the csecum onty

along a very small proportion of the length of that organ. In

addition, a layer of stout fibres, quite distinct from true mesentery

in appearance and relations, binds together the two limbs of the

Text-fiaure 20.

Intestinal tract of Equidn;.

Slightly altered from Trans. Zool. Soc. 1905, fis;. 25. S. Cat end of intestine

nearest stomach. H. Cut end of intestine nearest anus. C. Cit-cum.

C.L. 1. Colic loop (ansa coli dextrd). M. llemnant of primitive mesentery
between ileum and base of csecuni. XX. Line of attacliment of the adventi-

tious fibres (i-emoved in the figure) which tie the ciecuni to the colic loop.

enormous colic loop, and passes over from them to the caecum.

'I'his secondarj' attachment is least strong in the Rhinoceros, hut

in the Tapiridse and Equidje ties down the greater part of the
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length of tlie ceecum to the colic loop. There are also strong

cavo-duodenal and colico-dnodenal ligaments.

The remarkable similarity of the gut-patterns of the three

families of Perissodactyles contrasts strongly with the fact that

there is no resemblance between the Perissodactyle and the non-
ruminant and ruminant Artiodactyle patterns. The Swine are

omnivorous with a tendency towards vegetable diet ; the Hippo-
potamus and all other Artiodactyles are, like the Perissodactyles,

vegetarian in diet. In all the hind-gut is capacious in relation

to the diet, but the pattern, none the less, follows affinity rather

than function.

Order Rodentia. Dijnis cegyptius (text-fig. 21).

I have little to add to the account I gave in 1905 (Mitchell,

1905, tigs. 26-30) of the intestinal gut-patterns displayed by
Rodents. The gut tends to be relatively long, no doubt in

association with the chiefly vegetarian diet. The duodenal loop

is usually very well marked off from Meckel's tract, the latter

always being supported on an oval expanse of mesentery, and
varying only to the extent to which it displays minor loops.

The caecum is usually capacious, long, and sacculated. Remnants
of an originally paired condition are frequent. The caecum,

especially when long, tends to be coiled in a spiral, and this

coiling may involve not only the distal portion of Meckel's tract,

but the proximal portion of the hind-gut.

Even when the gut is relatively short, traces of the spiral

condition are frequent, suggesting that in some Rodents,
especially small omnivorous types, the gut has been shortened
secondarily from the longer condition normal in the gioup.

The cfecum is placed rather high up on the recurrent limb of

the pendant loop. The remaining portion of the latter varies in

a remarkable degree, both in species and in individuals. The
most common condition is the presence of two rather narrow
colic loops, but these may be reduced to a single loop or there

may be three (text-fig. 21, C.L. 1, 2, 3). The most proximal
loop (O.L. 1) is the portion that tends to be involved in the
spiral twisting of the cfecum, and is what has been termed a
paiucascal or post-c?ecal loop. The two more distal loops (C.L.

2, 3) may be spirally twisted, either separately or together, but
in the more connnon case they are untwisted. I cannot regard
this occasional spiral ari'angement as indicating any homology
between these loops and the spii'al of Artiodactyles, or as

suggesting any special affinity between Rodents and Aitio-
dactyles. The colic spiral of the Artiodactyles, especially of the
Ruminants, is an extremely definite formation, invariably pi'esent

in the adult and appearing at a very early stage in embiyonic
life. In Rodents it varies from individual to individual, may
involve one or two loops, and is often inconspicuous or absent in

small or relatively young individuals. The spiral formation that
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occurs frequently in Rodents and is extremely rare in other

groups, so that it may be designated as a Rodent peculiarity,

affects the caecum.

The colic loops may be pressed against the mesentery of

Meckel's tract in such a fashion that their own primitive mesentery

may be partly obliterated and replaced, either by the mesentery

of "the tract, or by adventitious fibres. In Dijms (although in

this respect text-fig. 21 is somewhat simplified and diagrammatic)

Text-figure 21.

Intestinal tract of Dipus eegyptius.

S. Cut end of tlie gut nearest to the stomach. R. Cut end of the gut nearest to

the rectum. C. Ca=!cum. C.L. 1, 2, 3. Colic loops. C.L. 1. Paracsecal loop.

C.L. 2 & 3. AnscB coli dextree.

and in other forms with a relatively simple gut, it is still possible

to dissect away the colic loops and to unfold them to show their

primitive pattern with a minimum of cutting. In other forms,

especially those in which the loops are long, the adherence

between them and the tract is so elaborate as to recall the

condition in Artiodactyles, and the gut cannot be laid out to

show its primitive pattern without extensive destruction of

mesentery, blood-vessels, and secondary attachments. I am
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convinced, however, that such vague resemblances between
Rodents and Artiodactyles are convergent.

At its most dorsal extremity the recurrent limb of the pendant
loop sweeps round to be continued backwards as the rectum.
In Dipus and in many other Rodents the rectal portion is

relatively simple. It may be much lengthened, especially in its

proximal portion, and this lengthening may take the form of a

single rather narrow loop, an ansa coli sinistra, as for instance,

in Rystrix, or, as is more common, a much-contorted loop or

number of loops, as in Lagostomys and Dolichotis. I do not
attach much importance to this distinction, as I have found both
forms in different examples, both apparently adult, of Atherura^
and in ver}^ young and adult examples of some other species.

Variability appears to be a marked character of the subsidiary

loops of the hind-gut in Rodents. Three writers have given
a good deal of attention to the matter. Tullberg, with whose
work, unfortunately, I was unacquainted when I wrote in 1905,

published a most valuable monograph on the group (Tullberg

1899), in which a long section and many plates are devoted to
descriptions of the gut of a very large number of Rodents.
Tullberg devoted himself chiefly to the gut and its attachments
as seen in the unfolded condition when the abdominal cavity is

opened, but there are few features that cannot be understood
from his careful figures. My work followed in 1905, and later,

Dr. Beddard (Beddard, 1908), following the method of Tullberg,

I'ather than mine, called attention to a good many differences

that he had noted in examination of some of the species that

Tullberg had described, and added descriptions of the conditions

he found in other species not described by Tullberg. I have
tabulated the results of the three wi-iters. It Avould be a waste
of space to give the details; it is enough to say that the colic

loops of Rodents appear to differ individually and at different

stages of growth, in number, attachments, degree of spiral

coiling, relative length, and distinctness (i. e., definite narrowness,,

or width and minor expansions). I hesitate, therefore, to

follow Tullberg, even in his cautious use of these structures in

the classification of Rodents themselves, and I think it an
unwise adventure to pursue the comparison of the individual

loops from Rodents to other groups. With the reservation that

these colic loops are rather inconstant, it is possible to distinguish

them up to a, point. Immediately distad of the caecum lies what
Tullberg calls the paracsecal loop, corresponding with what I

have termed the postcsecal loop. This may be absent, imperfectly

formed, definite, nearly straight, twisted with the cfecum, or
showing an independent spiral. Next come the two loops of the
recurrent limb that are most commonly present in Rodents.
These are termed by Tullberg ansce de.vtrce 1 and 2. Frequently
only one is present, especially in young examples of a few days
old. Dr. Beddard, unfortunately, has confused the matter by
labelling the upper or more distal of these the ansa sinistra

Proc. Zool. Soc—1916, No. XY. 15
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(Beddard, 1908, text-fig. 116); the term sinistra belongs to a

more distal region of the gut, and Tullberg's definitions, desci'ip-

tions, and figures make this point quite clear. These ansoi

dextrce may be definite and narrow, spirally twisted separately or

together. The three loops C.L. 1, 2, 3 in the diagram of Dipus
(text-fig. 21) represent a paractecal loop and two ansca dextrce.

Distad of the highest point of the recuri'ent limb, and to the

left of the equivalent of the transverse colon, there may be

another region of expansion. When this subsidiary loop is

simple and narrow, Tullberg recognises it as distinct and calls it

the ansa sinistra ; when it is thrown into irregular minor folds,

he leaves it undesignated. As I have already pointed out, I

have found both conditions of this expansion in different examples
of the same species, and therefore do not attach much importance
to it. But, definite or irregular, if it be named at all, ansa
sinistra is the correct name. It is absent in Dipus.

The gut-pattern of Rodents, then, displays usually a separate

duodenum, a well-defined Meckel's tract, a cfecum frequently

spirally twisted, and an elongated hind-gut, variable in the

number and nature of the subsidiary loops which mav be
developed.

Order Insectivora. Macroscelides species ? (text-fig. 22).

Talpa europcea (text-fig. 23).

Taking the examples of animals grouped together as Insectivora

that I had been able to examine when I wrote before (Mitchell,

1905) and those that I have seen since, I cannot make up a

series approaching completeness. Putting together my own
observations with what I am able to gather from other writers,

I think that three types of difierent degrees of simplicity

can be distinguished among the gut-patterns of Insectivora.

In Macroscelides (text-fig. 22) the duodenal legion cannot be
recognised as separate from Meckel's tract. The latter is

thrown into rather simple short loops round the whole of the
descending limb and a small portion of the recurrent limb of

the pendant loop ; then follows a long, nearly straight portion

running up towards the dorsal line. The ctecum is enormous,
and is attached high up on the recurrent limb of the pendant
loop. The distal portion of the pendant loop is expanded to

form a very large nearly closed colic loop, thrown into a number
of minor loops. In the undisturbed condition this lies folded

against the mesentery of Meckel's tract, but I found no secondary
connection. The recurrent loop then bends round to form the
straight rectum. The superficial resemblance between this

pattern and that presented by some of the smaller Dipiotodont
Marsupials, such as Fhalangista i^idjnna (Mitchell, 1905, lig. 5)

is extremely close. When I had finished the drawing I thought
that it had a familiar look, and on hunting through my notes,

I found that, from the point of view of this memoir, it would
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have been almost unnecessary to draw a second figure but for

the fact that the colic loop is .in ansa coll dextra in Macro-
scelides, and probably is not so in Phalangista.

In Talpa earopcea (text-fig. 23) the pattern is rather simpler.
The duodenal region is rather more distinct, although in the
diagram this is over-emphasised ; Meckel's tract consists of a
number of rather long minor loops occupying the whole of the
proximal limb of the pendant loop. There is no trace of a
caecum, and notliing else to indicate where the ileum passes into
the hind-gut. The recurrent loop runs straight up towards the
<lorsal middle line,and, just before bending round to form the
straight rectum, gives rise to a single very )iarrow and long
colic loop (an ansa coli dextra) which, in the unfolded condition,

is bent over towards Meckel's tract and shows a trace of spiral

twisting.

Text-fiijure 22.

Intestinal tract of MaorosceUdes species.

S. Cut end of the gut nearest stomacli. K. Cut end of gut nearest rectum.
C. CtEcuin. C.L.I. Colic loop {ansa coli dextra).

In Erinaceiis and in Gentetes (Mitchell, 1905, fig. 31), the
duodenum and Meckel's tract are not distinct. The latter is

arranged in very regular minor loops round the periphery of a
nearly circular expanse of mesentery. There is no trace of a
cfecum, or of a colic loop, but the recurrent limb runs up towards
the dorsal middle line, and then bends over to form a short
straight rectum.

In the three types the whole gut is suspended on a continuous
mesentery, and the three appear to show stages in the attain-

ment of a secondary simplification, the stages of which are, first,

15*
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the loss of the caecum, next the obliteration of distinction

between the fore-gut and the hind-gut, and the disappearance

of the colic loop. I found no adventitious connections in any of

the types, but I am unable to attach much importance to the

presence or absence of these. Nor can I lay stress on the folding

of the gut on itself ; this is certainly present in Macroscelides

and Talpa ; Beddai'd states that it occui'S in Erinaceus, and

found it present in one example of Centetes, absent in

another.

Text-fiffure 23.

Intestinal tract of Talpa europwa.

Lettevins as in text-fig. 22.

The similarity of type between the pattern of Macroscelides

(and probably of TiqiCbia, according to Flower and Hunter) and

the pattern of PhaJangista, recalls Dr. Broom's association of

these animals with Diprotodont Marsupials and removal of them

from the Insectivora (Broom, 1902, 1915). I must point out,^

however, that the pattern shared by the two is a very simple

derivative of the primitive mammalian type, and on this ground

alone, I would not be disposed to argue close affinity amongst

the animals that display it. Moreover, if, as seems to me most

probable, the colic loop of Phalangista resembles that of Bettongia

and the Kangaroos, and belongs to the region of the hind-gut

distad of the pendant loop, then the resemblance of Macroscelides
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to Marsupials is not so close as to Monotremes. This is a point

to which I had paid no special attention in 1905. Dr. Broom's
conclusions are derived from inv^estigation of the organ of

Jacobson, and certainly the conditions that he has found appear
to form a broader basis for S3^stematic conclusions. I a,m not
quite certain, however, as to whether or no he means to imply
that the " Ccenrhinate " type of organ, which he finds to occur

in Tal])a, fSorex, Erinaceus, Gymnura, Centetes, and other
normal Insectivora, as in Carnivora and Ungulata and most
higlier mammals, is a derivative of the more ancestral " Archfeo-
rhinate " type which he has found in l\ipaia, 3Iacroscelnles,

Diprotodonts, etc. If he means that the Archa?orhinate type is

the primitive type, and therefore to have been present in the

common stock, the fact that it has been retained by certain

forms is no conclusive argument for placing these forms together.

As he finds it to occur in Monotremes, on the one hand, and
in Dasypus, Orycterojius, and Rodents on the other, I suspect

that it is, like the presence of a, primitive gut-pattern, a character

tliat must be used with caution in classification.

Without carrjdng further this question of breaking up the
Insectivora, I may sum up by saying that the gut-patterns of

the group start from an extremely simple type, and show
successive stages of secondary simplification.

Order Ciiikoptera. Rhhiopoma microphyllum (text-fig. 24).

Artiheus jdanirostris (text-fig. 25).

Since I wrote in 1905 I have had tlie opportunity of examining
the intestinal tract in some other Bats, of which the most
interesting was an example of Bhinopoma microphyllum (

=

R. hardwickii). The latter and Megaderma spasma were the

two Bats in which Owen found a ctecum present (Owen, 1868,

p. 429). In Rh'mopoma the duodenal region is well separated

from Meckel's tract. Meckel's trnct makes up the greater

portion of the gut, and consists of a number of veiy^ ii'regidar

minor loops, arranged so that they nearly complete the circum-

ference of a circular exjianse of mesentery, suspended hy a nari'ow

stalk to the' mesentery of the duodenum in front and to that of

the hind-gut posteriorly. In other words, the whole of the

recurrent limb of the pendant loop is occupied by Meckel's ti'act,

and it is only where it bends backwards to form the short and
nearly straight rectal portion that the attachment of the caecum

marks the transition from fore-gut to hind-gut. The caecum is

short and conical. The hind-gut may be regarded as without
a colon, but consisting mei'ely of a i-ectal portion.

In the unexpanded condition, the subsidiaiy coils of Meckel's

tract are iri'egularly folded over the mesentery so that they
make up a large irregular mass visible as soon as the abdominal
cavity is opened. The duodeniun is also folded backwards, and
cannot be seen until the mass of the fore-gut has been pushed
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aside, whereupon it is visible, stretching backwards in close

association with the rectum, but without secoudary attachment

either to that or to the mesentery of Meckel's tract. Tlie

primitive mesentery is retained along the whole length of the

gut, quite unobscured by secondary attachments.

The position of the cfecum beyond the extremity of the

pendant loop, and thus approaching the condition in most birds,

especially the liigher t3q3es of birds, is curious and very unlike

the common condition in mammals.

Text-figure 24.

Intestinal tract of SJiinopoma micropli-iilhcm.

Letterina- as in text-fiff. 22.

In the other Chiroptera that I have examined there was no
cpecum, but the general form of the pattei'n when inifolded and
the mode of arrangement in the undisturbed body-cavity were
closely similar. The hind-gut was straight and relatively longer,

its proximal end approachiug \ev\ close to the duodenum. In
most species the minor loops of Meckel's tract were iiregularly

folded and lobed as in Jihinopoma, but in Artibeus (text-fig. 25)
they were I'elatively long (longer in propoi'tion than in the

diagram), and very straight. In the folded condition, the long
straight loops, closely packed together and bent over fi'om the

edge of the mesenterial expanse to which tlie}' were attached,

suggested a spiral conformation at first sight.

In an example of Pterojms medms that I have recently
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examined, the duodeniim consisted of two short loops marked off

by their larger calibre. The proximal limb of the pendant loop

and the beginning of the recurrent loop were thrown into long
and very irregnlar minor loops, distad of which the recurrent
limb had a straight course up to the middle dorsal line, where
it bent round sharply to pass into the sti'aight rectum.

In 1905 I had not seen an example of a Bat with a caecum, and
was content merely to point out the general similarity between
the simple gut of Bats and of such Insectivores as f'entetes, with
the caution, however, that in neither case could it be asserted

safelv that the simplicity was piimitive. I am now able to add

Text-fiffure 25.

Intestinal tract of Artibens planirosfrls.

S. Cut end of intestine nearest stomach. E. Cut end of intestine nearest stomach.

to the comparison. In Insectivores and Ciiiroptera the gut is

relatively short, disposed on a continuous primitive mesentery,
and in the extremer types shows little difterentiation. In the
Insectivores, however, tlie simplicity has been reached from a
condition in uhich the cpecum was developed a considerable
distance from the distal end of the pendant loop, and the upper
portion of the recurrent limb possessed n, large colic loop. In
the Chii-optera, the whole of the pendant loop gives rise to

Meckel's tract, the csecum being placed distnd of the passage of

tlie pendant loop into the straiglit rectum. 8o far, therefore, as

evidence is afforded by the gut-pattern, there is no reason to

associate Chiroptera with Insectivores.
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Order Carnivora.

Sub-Order P i n ii i p e d i a. Odohcenns rosmanis (text-

fig. 26). Macrorhinus leoninus (text-fig. 27).

The pattern of tlie intestinal tract of tlie Seals and tlieir

immediate allies is distinguished by simplicity, great length of

Meckel's tract, reduction of the cseeum, relative shortness of the

Text-fieure 26.

Intestinal tract of Odohmuis rosmarus.

I. The tract as a whole. S. Cut end of gut nearest stomach. R. Cut end of

gut nearest anus. C. Ciecum.

H. Enlarged view of junction of ileum and hind-gut with caecum. He. Cut end

of ileum. Col. Cut end of colon. C. CiECum. Part of the side-wall has been

removed to show the protrusion of the ileum into the cseco-colic cavitj'.
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hinfl-gnt, and simple suspension from a continuous mesentery.

In tlie Walrus (text-fig. 26) there is no clear separation of the

duodenal region fioni Meckel's tract. Tlie latter has an almost

Text-figure 27.

Intestinal tract o{ Jlacrorhimis leoniiius.

From a photograph by Mr. D. Seth-Smith. A pocket-knife has been inserted into

the cavit}- of the duodenum where it was separated from the stomach ; the cut

distal end of the rectum has been bent upi towards the duodenum to bring it

into focus.

even calihre throughout its length, and is very long (its length,

although relatively less than that of the Elephant-Seal, has been

lutlier under-estimated in the diagram). It is thrown into a
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large series of irregular minor loops, nearly completing the
periphery of an oval expanse of mesentery. The recurrent
limb of the pendant loop also enters into the formation of

Meckel's tract, and the short, rounded caecum lies just where the
pendant loop bends round at its highest point to pass into the
hind-gut.

The distal end of the ileum projects through into the cavity of

the hind-gut at an angle, the projection being much greater on
the ca^cal side. The cavity of the ciecum is, as is usual, a forward
continuation of the cavity of the hind-gut. There is no trans-

verse colon, the gut, at the highest point of the distal end
of the recurrent loop, bending round sharply to the rectum.
There is, in fact, practically no true colon, but the rectum is

considerably longer than the course that it has to traverse, and
is thrown into a number of minor loops.

I have recently had the opportunity of examining the intestines

of a young Elephant-Seal (iW«o-o?Vi/««.s leoninus). By the kind-
ness of my colleague, Mr. D. Seth-Smith, I am able to reproduce
as text-tig. 27 a photograph of the intestinal tract removed from
the body and laid out to display its pattern. For this purpose,
owing to the simplicity of the gut in this group and the absence
of secondary connections, it was necessary only to sever the
primitive mesentery that stretches from the duodenum to the
rectum.

As in the Walrus, the duodennl region is not sharply marked
off from Meckel's tract. Tlie latter is of even calibre, and is

thrown into exti-emely numerous minor folds arranged so as
almost completely to surround an oval expanse of mesenter3\
Its length is enormous. The Elephant-Seal that I examined
measured six feet nine inches from the tip of the snout to the
tip of the tail : the small intestine measured with the tape, when
the mesentery had been detached, one hundred and seventy-five

feet six inches ; the hind-gut was onh' two feet four inches long.

"When it has nearly reached the level of the duodenum, the
distal limb, without any change of calibre, bends sharply round,
and after a course of nearl}' a foot, suddenly changes in calibre.

At this point there is nothing that can be called a ca?cum, and it

is doubtful whether the change from fore-gut to hind-gut can be
placed accui'ately. If it is where the gut expands, then the position

is quite abnormal amongst mammals : if, as in the Walrus, it is

at the extremity of the recurrent limb of the pendant loop, then
the sudden change of calibre in the course of the hind-gut, is also

unusual. The hind-gut, after widening, bears an enlarged simple
loop, which in the photograph is represented in an unnatural
position ; the distal end of the rectum was bent forwards to bring
it into the picture. It appears to belong to the region distad of
the pendant loop, and is an ansa coli sinistra.

The gut patterns of the Walrus and of the Elephant-Seal do not
difler notably from those of the Sea-Lion and of the true Seals

that I have' already described (Mitchell, 1905, p. 493, fig. 32).
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The great increase in size of Meckel's tract, the position of the

csecum, if present, as is usually the case, close to the distal

extremity of the recurrent limb of the pendant loop, and the

presence of a distinct expansion of the hind-gut, although thnt

is relatively short, are the most salient features. The pattern is

quite different from that of the Manatee. It resembles the

pattern of the Cetacean gut only in the extreme length of the

small intestine ; it differs notably in the position of the c?ecum

and in the hind-gut. As I shall show presently, it resembles

closely the pattern of terrestrial Carnivora. the difference being

chiefly the lengthening of Meckel's tract, which is best explnined

as an adnptation to diet,

Sub-Order F i s s i p e d i a. Proteles cristatus (text-fig. 28).

In 1905 I described and figui'ed the patterns of the gut of a

number of Fissipede Carnivora (Mitchell, 1905, p. 495, figs. 33

to 38) and have very little to add. I have had the opportunity,

Text-fiffure 28.

Intestinal tract of Proteles crisiatKS.

S. Cut end of !?ut nearest stomach. R. Cut end of gut nearest rectum. C. Crecum.

however, of examining an example of the Aard Wolf {Proteles

cristatus), an animal that is now seldom seen in menageries. 8o
great is the uniformity of pattern amongst the terrestrial carni-

vores that Proteles may serve as an example of all. The duodenal
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region is rather distinct from Meckel's tract. The latter forms
the longest part of the gut, but is relatively shorter than in most
types of mammals. It is thrown into rather simple minor loops

which reach to the extremity of the proximal limb of the pendant
loop, but in the recurrent limb are replaced by an almost straight

portion running up towards the duodenum. The cpecum is

situated high up on the recuri-ent limb, and in Proteles is short,

iilthough in the example I examined it was not so globular as

was described by Flower (Flower, 1869), and had a slight spiral

twist not noted by that author. The axis of the twist was con-

nected with the distal extremity of the ileum by a very small

fold of mesentery. The csecnm is frequently absent in Garnivoi-es,

but when present, and especially when it is relatively not very
small, frequently displays a spiral twisting.

Distad of the cfecum the hind-gut bends round sharply,

increasing in calibre and di,splaying a rather considerable

expansion before it passes into the short straight rectum. The
hind- gut is relatively short in all the Carnivores, and a notable

feature is the reduction or absence of the transverse colon, the

recurrent limb of the pendant loop bending round to pass back-
wards either with a very sharp turn, or at most a nari'ow sweep.

From re-examination of all my original laborator}' notes and
drawings, I am disposed to think that at least in the great

majority of Carnivores the expansion of the hind-gut, when
present, belongs to the portion of the gut distad of the pendant
loop, and is therefore an ansa coll sinistra not homologous with
colic loops developed on the recurrent limb of the pendant
loop.

In the Bears, however, as I liave already shown (Mitchell,

1905, fig. 34), there is a definite colic loop present, and as this is

an expansion of the recurrent limb of the pendant loop, it must
be regarded as an ansa coli dea'tra. In the new-born cub of a
Brown Bear, this loop was more definite and more elaborate than
in the example of Urstis malayanus that I formerly figured.

The Otter shows a somewhat similar condition. There was no
trace of any secondary connection linking the colic region to the

duodenum.
The primitive mesentery is retained in a nearly complete

condition in most Carnivores, and in association with the
relative shortness of the gut in the terrestrial forms, secondaiy
attachments between proximal and distal portions of the gut
appear to vary even individually, and nevei- attain the physio-

logical importance that they may be presumed to have in many
other groups. As I have already stated, I do not believe them
to have systematic importance.

It is clear that the Pinnipedes and Fissipedes exhibit gut-

patterns that are fundamentally similar, although the resem-
blance is decreased by the adaptive lengthening of the gut in

the aquatic forms.
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Order Prosimi.e. Ghiromys madagascariensis (text-fig. 29).

Lemur species ? (text-fig. 30).

I have had the opportunity of examining an example of tlie

Aye-Aye, and find that the j)attern of the intestinal tract of that

animal resembles extremely closely the patterns exhibited by the
genus Lemitr, much more closely than the patterns of other
Lemurs. In this matter I completely confirm the conclusion of

Dr. Beddard fBeddard, 1908, Chiromys). A comparison of the
diagram of Chiromys (text-fig. 29) with that of a species of the

genus Lemur ^ (text-fig. 30) makes this i-esemblance plain. In

Text-figure 29.

Intestinal tract of Chiromys madagascariensis.

S. Cut end of gut nearest stomach. R. Cut end of gut nearest rectum. C. Cgecum.
C.L.I. , C.L. 2. Colic loops (ansa coli dextra et sinistra).

both the duodenal region is represented ' by two minor loops,

which in the Lemur were marked by a much greater calibre.

Meckel's tract was relatively rather short, and thrown into-

simple minor loops occupying the proximal portion of the
original pendant loop, but not reaching far beyond it. The
fore-gut enters at a right nngle to the cavity of the very
large caecum which is in wide continuity with that of the
dilated proximal portion of the hind-gut. In Leviur the

* The Lemur was an example of what has been called in the Society's Gardens
i. hrunneus, the Black-headed Lemur, but the nomenclature of the Lemurs
requires revision.
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extreme distal end of the hind-gut was much expanded and
was followed by a narrower portion strongly sacciilated. I do

not attach much importance to this ; I have found the corres-

ponding region sacculated, apparently as an individual peculiarity,

in several examples of Lemurs and Monkeys, a,nd Dr. Beddard
(Beddard, 1908, p. 576) has recorded a similar but moi-e extensive

sacculation in the case of a Baboon. The distal portion of the

recurrent limb of the pendant loop gives rise to a long loop

(C.L.I in text-fig. 29, Cl.l in text-fig. 30) of which the proximal

and distal limbs are held together hj a very narrow expanse of

mesentery. This loop, lying just to the right of the representa-

tive of the transverse colon, corresponds with what is termed

the ansa coll dextra. Its presence as a defined narrow loop is

most marked in Chiromys and the genus Lemur. Dr. Beddard

states that it is absent in Microcehis (Beddard, 1908, p. 579),

and although I cannot agree with that author in making, in fact

or in theory, so sharp a distinction between loops that are

wide and loops that are narrow, I do agree that the ansa coli

dextra is absent in Chirogaleus. Dr. Beddard also attaches

importance to the fact that the ansa coli dextra is straight in

Chiromys and Lemur, and spirally twisted in Galago, Loris,

jSfycticebus, Indris, and pi'obably Perodicticus. As I have stated

already in this communication, I cannot follow Dr. Beddard in

attaching much importance to the presence of a spiral mode of

packing any portion of the intestinal tract, unless this common
growth-form attain a precise complexity. Nor can I agree that

the spiral of Lemurs can be taken as the rolling up of a defined

narrow loop. On reference to the original laboratory sketches

from which the diagrams of the patterns of Galago and Pero-

dicticus (Mitchell, 1905, figs, 41, 42) were made, and from
further observations made since, I find that the loop in question

may be very wide and irregular, presenting, when dissected out,

i\. number of minoi- loops, as in at least one example of Galago,

or two or more loops as in Perodicticus. These, however, are

folded against each other and against Meckel's tract, and rudely

twisted up. I agree, however, that it is possible to contrast

Chiromys and Lemur with other genera possessing a well-marked

ansa coli dextra, by saying that in the former the loop in

question is characteristically narrow and straight, and in the

latter that it tends to be spirally twisted. 1 should add to

this, that in the latter it also tends to be wider and more
irregular, and that the spiral twisting vai'ies considerably in its

extent.

Immediately distad of the ansa coli dextra, whether that be

sti-aight or twisted, the recurrent limb of the pendant loop

I'eaches its highest point, and then, in the region corresjjonding

with the transverse colon, sweeps backwards to form the rectum.

The proximal portion of this gives rise, both in Chiromys and in

Lemur (text-figs. 29, C.L. 2 ; 30, CI. 2), to a well-marked loop

neither so long nor so narrow relatively as the ansa coli dextrco,
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but foi'ming an ansa colt sinistra. Dr. Beddai-d does not refer to

this in the case of Chiromys, although it is indicated in his

figure (Beddard, 1908, p. 150), but this omission is no doubt due
to the fact that he does not recognise a loop as a distinct entity

uidess it has attained a certain degree of definiteness, and
especially when it is " fixed " by some ligament other than its

primitive mesentery. I apprehend that the expansion of the region

of the hind-gut, just distad of the summit of the pendant loop in

Text-fio'ure 30.

Intestinal tract of Lemur ? species.

Lettering as in text-fio-. 29.

my figure of Chirogaleus (Mitchell, 1905, fig. 40), represents in a
still less defined condition the ansa coli sinistra, and is not
identical with the ansa coli dextra marked C.L. in figure 39 of

the same communication. Burraeister's figure of the intestinal

tract of Tarsius (Burmeistei', 1846) is not easy to interpi'et, as
the gut has been freed from the mesentery, but it seems probable
that there is no ti'ace of an ansa coli de.vtra or sinistra but a
rather wide sweep I'epresenting a transverse colon. A figure
given by Klaatsch (Klaatsch, 1892, pi. xxiii. fig. 8) confirms this
interpretation. The rectal portion of the hind-gut in Prosimite
runs a straight course to the anus, distad of the ansa coli sinistra,

if that be present.

As Dr. Beddard has described, there are several secondary
connections or ligaments in the intestinal tract of Prosimije.
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These appenr to me to vary considerably from individual to

individual, but the most notable of them are an attachment of

the omentum to the part where the distal limb of the pendant
loop bends round to pass into the rectal portion of the hind-gut,

and various attachments between the duodenum and the colon.

In 1905 I summed up the description of the gut-pattern in

Prosimia? as follows :
—" The duodenum is seldom well distinct

from Meckel's tract ; the latter varies in length, probably in

relation to diet. The caecum is always present, and is usually

very capacious. The hind-gut (except in Tarsius, where it is

extremely reduced and still shows signs of former diffei-entiation)

is relatively extremely long, sometimes being as long as, or

longer than, the fore-gut. It is, moreover, of greater calibi'e.

It shows a well-marked colic region which may be a long narrow

loop, or a complex set of folds, and a distinct rectum." I now
add to this a few points. The duodenum is frequently marked
ofl" by its greater calibre. The hind-gut is much reduced iii very

small Lemurs such as Chirogaleus and Microcvhus \ in others it

shows a definite ansa coli de.vtra developed from the distal

portion of the pendant loop, usually long, narrow, and straight

in Chiromi/s and Lemur, wider and more irregular and tending-

to be spiralh" twisted in at least most other genera. An ansa

coli sinistra, shorter and usually wider than the ansa devtra, is

frequently present on the proximal part of the rectum.

Order Simi/R.

I have no new ol^servations to report, although I have

examined a number of other Apes and Monkeys. For con-

venience I may quote my former summary (Mitchell, 1905,

p. 515):—"The duodenum and Meckel's tract together form a

series of loops which differ from group to group in their lelative

complexity, arranged round about three-quarters of the circular

outgrowth of mesentery. The ca?cum is always present and
appears to have been originally capacious and of nearly equal

calibre throughout its length ; but it is in process of shortening

throughout the group, being, as a rule, shoi'ter in the Old World
Monkeys than in the New Woi'ld Monkeys and Anthropoid

Apes (if in the latter case the vermiform appendix be leckoned

with the caecum). The state of the ease may be put in anothei"

way. The originally long, capacious caecum of the Simife is

retained by the greater number of the Platyrrhine Apes ; in the

Catarrhine Apes, except the Hylobatidae and Anthropomorphse,

it tends to become shorter without the formation of a vermiform

appendix. In the two groups last named, its proximal portion

has remained capacious, but the greater part of its original

length has been transformed without shortening into the thick-

walled vermiform appendix."

I should add to this that the presence of a rather well-

pronounced transverse colon is the normal condition in the group.
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and that the rectal portion is usually rather longer than the

length that it has to traverse and is thus thrown into occasional

minor folds. The colon presents no definite expansions that can

be compared with the ansa coll dextra et sinistra., but the width

of the transverse region suggests derivation from a condition in

which both these loops were present. It is not difficult to see

in the pattern of the Simiie a condition that might have been

reached by reduction from the Prosimian pattern.

. General Conclusions.

In my earlier memoir (Mitchell, 1905) I dealt at some length

with the inferences that seemed to follow from my observations,

and 1 propose now to deal only with matters that call for addition

or modification. It may be useful to say, in the first place, that

the figures I gave formerly and those in this communication are,

in the strictest sense, diagrams. That is to say, they are inter-

pretations, not exact reproductions of the precise details of the

individual specimens. fio far as I know, they give a fair

presentment of the sigiiificnnt features of the difleient patterns.

Tliey form, I hope, a. good basis for intensive study of the

details. It must be remembered, however, that I have attempted

to represent the primitive continuous mesentery of the gut, and
that, m actual fact, especially in the more elaborate types of

intestinal tract, portions of this mesentery have disappeared.

Notwithstanding the work of Klaatsch (18t»2) and others, much
intensive study of individual types is still required to trace the

precise portions that have been lost or retained. Moreovei', I a,m

certain that detailed study of the blood-vessels, after cai-eful

injection of fresh material, would yield useful results. It is

well known that the mesenterial arteries and veins vary con-

siderably in man, and doubtless this also is the case in other

mammals. Kone the less, the general ariangement of the blood-

vessels appears to me, on such slight study as I have been able to

give, to follow the main morphological features of the gut-pattern,

and in a number of cases whei'e one region of the gut is difficult

to distinguish from another, as, for instance, in the Bears, where
there is no c?ecum to mark the boundary between the ileum and
the ansa coli dextra, the arrangement of the vessels in two
groups clearly delimits the regions. I hope that in my diagrams

the main features of the grouping of the blood-vessels are given,

but very much more work than I was able to give is required.

The Ccecum.—Further work has confirmed me in the opinion

that the csecum of Mammals is one member of a primitive pair,

homologous with the paired casca of Birds. I have already

sufficiently stated the facts that lead to this conclusion (Mitchell,

1905, p. 515), but I may refer to a curious side-light on the

subject. Balcenice-ps is one of the few birds in which the normal

Pkoc. Zool. See— 1916, No. XYI. 16
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pair is represented by a single caecum, and in this case it happens

that tlie surviving caecum is thin-walled and relatively capacious.

If the iigure of the cjecum of that bird (Mitchell, 1913, text-

fig. 123) be compared with the normal unpaired caecum of

Mammals, it will be seen that the resemblance is very close.

Position of the Ccecum.—The most common position for the

caeca in Birds is distad of the pendant loop on the straight

portion of the hind-gut close to the cloaca. This position I

associate with the ^progressive shortening of the hind-gut, which

is a striking feature in avian anatomy as we turn from less

specialized to more specialized types. In the lower types, in

which the rectum is. relatively longer, the cteca are placed more
proximally on the hind-gut. In the Ostrich (Mitchell, 1896,

lig. 4), for instance, where the fore-gut and hind-gut ai-e more
nearly equal in length, the caeca occupy a position almost identical

with that of the paired caeca in the Manatee or the single caecum

of the Elephant. In no case, however, are they proximad of the •

distal end of the pendant loop. Among Mammals the most
frequent position is about the middle of the recurrent limb of

the pendant loop. It is a striking coincidence, however, that in

the only Bat with a caecum that I have seen, the position is so

close to the distal extremity of the pendant loop, that it may be

desciibed as occupying an avian position. In Tarsius (according

to Klaatsfih, 1892, pi. xxiii. fig. 8) the caecum is not at the distal

end of the pendant loop. In the Carnivores, among which, as

among Birds, there is a progressive degeneration of the hind-

gut, the caecum, although on the recurrent limb of the pendant

loop, is very close to its distal extremity. In the Cetacea the

other extreme is present ; the caecum lies almost at the proximal

end of the recurrent limb of the pendant loop. The various

positions of the csjecum in Birds and in Mammals nearly overlap,

but the most frequent position in the one case is distad of the

pendant loop, in the other somewhere on the pendant loop, a

state of affairs congruous with the idea that the various conditions

have come about by divergent modification from a common
type.

Form and FanGtion of the Ccectmi.—I have nothing to add to

my former discussion (Mitchell, 1905, p. 522). Only in a most
general sense can there be said to be a correlation between diet

and the presence, length, and capacity of the caecum. There are

many exceptions to any general statement, and it seems as if

ancestral history were at least as potent a factor as actual diet.

Secondary Rdations hetireen Pro.vimal andj Distal Portions of
the Intestinal Tract.—Two different kinds of connection may
exist between proximal and distal regions of the intestinal tract.

The connection to which I have [)aid most attention, and of
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which I gave a long account (Mitchell, 1905, p. 524) was that in

which blood-vessels belonging to one region of the gut supply

another region with which it may be in contact, although

morphologically remote. In Birds the folding of the gut brings

the distal portion of Meckel's tract in close contact with the

duodenum, and it frequently comes about that branches of

the duodenal blood-vessels may form the main supply of the

portion of Meckel's tract just proximal to the caeca, and may
have to be severed before the whole gul7 can be unfolded. In
Mammals the connection, when it exists, links the colic region to

the anterior part of the gut. I wish to modify the table I gave

only by omitting Ornithorhynchtis ; from examination of another

example, I am far from certain as to the existence of a true
" short-circuiting " blood-vessel, and the point could be settled

only by exa,mination of fresh injected material. The cases, then,

in which this peculiar condition of the blood-vessels certainly

exists are the Traguloidea, Tylopoda, Pecora, Rodents, Lemurs,
and Simise. If one considers it, it is a curious circumstance that

in the development of man a bi^anch of the superior mesenteric

artery should leave its normal course and thrust itself out

to reach the transverse colon. Instead of explaining this as

an instance of some marvellous coordinating vitalistic power, I

prefer to think that it is a legac}^ from the past, and that the

ancestors of the Simise had a more complex colon with loops

pressed against the mesentery of Meckel's tract, as occurs in

some of the Lemurs. In this connection it is interesting to note

that Klaatsch found a Lemur-like stage of the colon in the

embryo of HcqDcde (Klaatsch, 1892, p. 671, fig. 12, cited by
Beddard, 1908, p. 598).

There are also connections of a more mechanical kind between
different portions of the gut. These are the various "ligaments"

and attachments to which I have frequently referred in this

communication. They were not included in the table in TO-y

paper of 1905. ISTotwithstanding the elaborate work of Klaatsch

(Klaatsch, 1892), and Dr. Beddard's later discussion (chiefly

Beddard, 1908, p. 568 et sequiUir), I cannot form a clear con-

ception of the distribution of these structyres among Mammals,
and I have not myself made a connected investigation of them.

Loops of the Hind-gut.—I have already drawn a contrast

between the gut-patterns of Birds and Mammals, depending on

the broad fact that, even when allowance has been made for the

homoplastic modifications associated with diet (Mitchell, 1905,

p. 526), in Birds Meckel's tract and in Mammals the hind-gut

tend to display specialized subsidiary loops of systematic im-

portance. In Birds, however, the loops of Meckel's tract have

reached a high degree of stability, so that they vary little within

well-defined systematic groups, whereas in Mammals the loops of

the hind-gut vary much more within narrow systematic limits,

as if thev were in much closer relation with habit or diet. Th©'

16*
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facts do not seem to justify too close an identification between
the specialized loops in one mammal and another. I propose,

however, to give a tentative summary of the conditions.

In Monotremes there is an ansa dextra near the distal end of

the pendant loop, and the i-ectum is straight.

In Marsupials the rectum is relatively long and may be thrown
into minor loops. In the Polyprotoclonts there are no other
expansions of the hind-gut. In the Diprotodonts the usual

condition is the presence of a complex ansa sinistra, and there

may be in addition, as in the Phascolarctidfe, an equally complex
a7isa dextra.

In the Edentata the rectum is always relatively long ; in the
Pholidota there is no further expansion. In the Tubulidentata
and Xenarthra there is also an ansa sinistra.

In the Hyracoidea, Sirenia, and Proboscidea the rectum is

relatively long, especially in the region just distad of the pendant
loop, and therefore forming an ansa sinistra.

In the Cetacea the rectum is straight, and thei'e is no ansa.

Among the Ungulata. vera, the I'ectum is always longer than
the distance between the distal end of the pendant loop aiid the

anus, and in the majority of the sub-groups the lengthening-

is most marked proximally, although, perhaps, not enough
specialized to be regarded as corresponding with an a^isa

sinistra. An ansa jxiraccecalis or postccecalis is present, just

distad of the cfecum ; in most of the Pecora, absent in the others,

but its presence, in addition to the well-known colic spiral, makes
it impossible to identify the latter with the paracaecal loop.

The recurrent limb of the pendant loop always forms at least

one large ansa dextra ; this is complex in the Hip]jo2)otamus,

and forms a spiral in the Swine, Traguloidea, Tylopoda, and
Pecora, and a very long narrow loop in the Perissodactyla.

In the Traguloidea, Tylopoda,, and Pecora there is a second

more distally placed ansa dextra, folded closely against Meckel's

tract between the colic spiral and the minor loops of the tract.

In the Rodentia there is almost invariably a paracfecal loop

often spirally twisted, with the caecum or independently of it,

always at least one and frequently two ansce dextrce, which may
be straight, or spirally twisted, together or independently, and
pressed against Meckel's ti'act. An ansa sinistra is frequently

present, either as a, definite narrow loop, or as a complex loop,

and the latter condition grades oflT into a wavy condition of the

rectum, which in all Rodents is longer than the distance it has

to traverse.

In the Insectivora the rectum is short and straight, but a

definite ansa dextra is usxially developed.

In the Chiroptera the whole hind-gut forms a short straight

rectum, and there are no ansce.

In the Carnivora the rectum, although relatively short, is

usually longei- than the distance it has to traveise (between the

distal end of the pendant loop and the anus), and veiy often
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presents minor loops at its proximal end, which may be grouped
so as to form an ansa sinistra.

In the Bears there is, in addition, a definite ansa clextra.

In the Prosimiae the rectum is always longer than the distance

that it has to traverse, and at its proximal end, close to the distal

extremity of the pendant loop, there is frequently a special

expansion, forming an ansa sinistra. An ansa dextra, usually

large in size, sometimes narrow, sometimes complex and almost

doubled, sometimes straight and sometimes spirally twisted, is

present in all except a few very small forms.

In the 8imiae the rectum is always longer than the distance it

has to traverse. The proximal region of the hind-gut, composed
of the pendant loop distad of the caecum, the colic apex and the

proximal portion of the primitively straight rectum are gradually

approaching the human condition of nearly straight ascending,

transverse, and descending colons, the appearances suggesting

that this condition has been reached through a more prosimian

stage in which there were definite ansce colt dextrce and sinistrce.

Systematic Inferences.—In this section I propose to deal only

with the facts to which I have myself paid attention. Un-
fortunately I am unable to follow, from Dr. Beddard's descriptions

and figures, exactly what he means by the " stages of evolution of

the intestinal part of the alimentary tract," and so cannot

attempt to correlate them with my own results. Stage I.

(Beddard, 1908, p. 591, text-fig. 120 A) represents a condition that

is at least more primitive than in any known mammal. Two
figures are labelled Stage II. (loc cit., text-figs. 1 20 B and 121), and
differ in that the second figure shows rotation of the gut ; but in

each figure the so-called " cavo-duodenal ligament" is dra.wn and
labelled, although in the text its existence is stated to be due to

the rotation. In the later figures large portions of the gut are

represented as without any mesentery, and much of the mesen-
tery that is represented shows relations which I am unable to

follow. Zoologists who wish to follow what is known as to the

mode in which the rotation of the gut affects the primitive

mesentery will find admirable descriptions and figures in the

ordinary text-books (as, for instance, Professor D. J. Cunningham's
'Text-book of Anatomy,' 1902, pp. 1056, 1057, figs. 711, 712).

Klaatsch (1892) is still the best authority on the secondary

ligaments and attachments ; but I cannot always follow him in

the discrimination between portions of the primitive mesentery
and secondary attachments, and suspect that much further

investigation is required.

I am inclined to think, however, that rotation is due largely to

simple mechanical causes, and that it is therefore an event that

may have occurred repeatedly and independently, the resem-

blances caused by it being due not to inheritance from one

ancestor in which rotation had occurred, but to a similar efiect

producing similar results on similar material. As Meckel's tract
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lengtliens, its closely bunched set of minor loops, developed
chiefly on the proximal limb of the pendant loop, must push
their way towards the middle line dorsal to the distal loop,

which in primitive mammals hangs nioi-e freely down in the
gut.

Taking only the characters presented by the gut-pattei/ns as a
basis, it appears that the most primitive or generalized type had
a duodenum not well separated from Meckel's tract, Meckel's
tract, consisting of minor loops developed along the proximal
limb of the pendaiit loop, up to about the apex where the yolk-

sac was attached, a moderatel}^ straight recurrent limb baaiing
towards the middle of its length a functional ctecum (or more
probably a pair of functional cseea), a shai'ply bent colic flexure

close to the duodenum, where the pendant loop passed into the
rectal portion of the hind-gut ; that lectal portion considerably

longer than the length that it had to traverse, and thrown into

specially long minor loops at its proximal extremity. Apart
from rotation, the gut was suspended on a continuous primitive

mesentery, and the blood-vessels supplied the regions of the gut
to which they belonged. Changes from this primitive condition

occur in two directions : the pattern may be secondarily re-

duced and become even more simple, or it may become more
elaborate.

When cha,racters are used for the purpose of classification, it

may be convenient, in the absence of other information, to place

creatures in the same group because they have retained ancestral

conditions, but if the classification is intended to state the degree
of aftinity, then it must be remembered that thei'e is no a j^riori

reason to suppose that amongst the descendants of a common
ancestor, the groups that have retained an ancestral character

are more closely related than the groups that have lost it. On
the other hand, the common possession of a well-marked elabora-

tion of the primitive type appears to present some ground for

implying aftinit}^

As in my summary of 1905, I associate the Marsupialia,

Xenarthi'a,, and Tubulidentata as displaying, on the whole, the
most ancestral type of gut-pattern, with the proviso that this

association does not imply close affinity but mei'ely the retention

of a common inheritance. I think it safer to' exclude the Galeo-

pithecidie from this association, as my information with regard
to that Order is second-hand. I note with regard to the Mar-
supials, however, that they contain tAvo dejiartures from the
ancestral type. In some of the small Polypi'otodonts the gvit-

pattern is extremely reduced, with complete loss of cpeca and
obliteration of clear distinction between the different regions. In
other Marsupials, such as the Phascolarctidje, the hind-gat has
attained an elaboration recalling that of higher types. In the gut,

as in many other parts of their structure, the Marsupials appear
to forecast, on a lower level, and in a, more fluctuating condition,

clahorations that liocojiic doHuitc and '• lixed " in higher types.
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As it is difficult to suppose that the different types of orgajis in

higher Mammals have arisen separately from the corresponding

types in Marsupials, we are faced with the possibility that

organisms may have inherited the possibility of displaying

definite variations tha,t have not actually appealed in their

ancestral history, a possibility which, as Arthur Willey hns

shown (Willey, 1911), has not yet been sufficiently^ considered in

systematic zoology.

1 have also to note that the characters of the gnt-patterns

aflbrd no ground for grouping together the so-called Edentates.

It is interesting to note that amongst other primitive chai'acters

this first gi'oup of mammals contain abundant relics of what I

take to be the jorimitive paired condition of the cteca.

The Monotremes have not moved far from the primitive type,

but in. a definite direction. The duodenum is distinct ; the

ceecum is single but degenerate, and is placed very close to the

apex of the pendant loop, the distal limb of which displays a

compound ansa coli dextra, and the rectal poi'tion is relatively

short and straight.

The Pholidota, although not far removed from the primitive

type, have lost the cfecum, and have a longitudinally striated

hind-gut Avhich is unique.

The Hyracoidea, Sireuia, and Proboscidea have not moved far

from the common type, and I realize that their association may
depend very largely on their retention of primitive characteis.

In all, the primitive mesentery is very complete and continuous,

and although the hind-gut is long, there are no specialized loops.

The unpaired csecum of Hyracoidea, if I am correct in refusing

to identify it with the unpaired cjecum of other mammals, is a

peculiarity unique among mammals ; but apart from that, and

taking the paii'ed caeca as the true representatives of the noi'mal

structure, there is a very close resemblance between the pattern

of Hyracoidea and that of the Manatee. The chief difference is

the further increase of length of the hind-gut, distad of the

pendant loop, in the Manatee. The Dugong is said to have a

gut-pattern of the .same type as that of the Manatee, except

that the csecum is single, and such a pattern leads directly to

that of the Elephants, in which the cfecum is unpaired and the

hind-gut thrown into long irregular minor loops, so that it

appears to be almost as long as the fore-gut. There is no

trace of any of the peculiarities of pattern found amongst the

true Ungulata,

In considering the Cetacea, the first feature of importance is

that the Odontocete pattern is most easily explained as a

derivative by reduction of a pattern such as is found in the

Mystacoceti. The Mystacocete pattern, although peculiar, is

not very far removed from the primitive type, but the great

elongation of Meckel's tract with the cfecum at its apex, the long,

nearly straight, recurrent limb of the pendant loop, and the long

but nearly straight rectum, make up a diveigence from the
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primitive type quite unlike the divei'gence found in any other
group, and support the supposition that the Cetacea diverged
from other Eutherians at a very remote period.

I am not now prepared to associate the Perissodactyla and the
Artiodactyla on the evidence afibrded by gut-patterns. Both
groups may well have arisen independently from the common
stock. In all the Artiodactyles there has been a great lengthening
of the portion of the hind-gut formed from the distal limb of the
pendant loop. In Hijypojyotaimts this lengthening is irregular

;

in the Suidse it forms a definite spiral. In. the Traguloidea,
Tylopoda, and Pecora this spiral i-eappears but gradually be-
comes more specialized and more intimately associated with the
mesentery and blood-vessels of Meckel's tract. There may be
another expansion of the same region proximad of the spiral,

forming an ansa paraccecalis, and another distad of it forming a
second ansa coli dextra.

In the Perissodactyla the whole of the recurrent limb of the
pendant loop distad of the large csocum gives rise to an enormous,
narrow, ansa coli dextra, an arrangement quite different from
that in any other group. It is certainly remarkable to find that
the herbivorous Perissodaotyles have developed a type of gut-
pattern extremely like that of the herbivorous Artiodactyles,
unless we are prepared to think that adaptation plays only a
secondary part in the matter.

Among the Rodents we might expect to find convergent
resemblances with Artiodactyles, but these are quite superficial.

The mode in which the hind-gut is lengthened, the spiral twisting
of the cfecum, its relation to the paracfeoal loop, the frequent
doubling of the ansa coli dextra, and the frequent appearance
of an ansa, coli sinistra compose a general picture quite different

from that of the Artiodactyla or Perissodactyla. 80 far as gut-
pattern is concerned, the Rodents may well have ai'isen as a
distinct outgrowth of the primitive stock.

The gut-patterns of Insectivora are consistent with the con-
ception that there has been a secondary reduction or simplification
Avithin the group from such a modification of the primitive
Mammalian type as is seen in Macroscelides, The pattern of

Macroscelides might belong to any simple Marsupial or Mono-
treme-like creature ; it diflers from the Marsupial patterns
most closely resembling it, by the presence of an ansa coli

dextra instead of an ansa coli sinistra, and from the Monotreme
pattern in having the cfecum some distance from the ajaex of
the pendant loop instead of very close to it.

The examination of one of the Chiroptera in which the ofecum
is present has enabled me to distinguish between the very simple
patterns of Insectivora and of Chiroptera. In Chiroptera the
whole of the pendant loop becomes Meckel's tract, and the hind-
gut is reduced to an extremely short and straight i-ectum. No
doubt the bix'd-like shortening of the hind-gut is a secondary
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divergence from the primitive type, but this would not affect the
position of the caecum, and quite certainly the gut-pattern offers

110 argument for any close association between Chiroptera and
Insectivora.

The gut-pattern of Carnivores, notwithstanding the enormous
lengthening of the fore-gufc in the Fissipedia, has moved little

from the primitive type, consisting of a fore-gut developed from
the greater part of the pendant loop, and a hind-gut, which,
although relatively short, is always longer than the length that

it has to traverse and not infrequently presents an expansion
that may be termed an anna coli sinistra. The Bears ai'e the
only exception to the coherence of the picture ; they have no
cascum, but the anatomical relations seem to show that their

csecum was originally placed much more near the proximal end
of the recurrent limb of the pendant loop, and that the distal

portion of that loop has given rise to an ansa coli dextra absent
in the other groups. The true explanation may be that the
apparent simplicity of the pattern in other Carnivores has come
about by reduction.

The Prosimian pattern is not far removed from the primitive

type, but tends to the development of at least one minor expansion
of the recurrent limb of the pendant loop, an ansa coli dextra,

which may be straight or spirally coiled, and there may also be
an ansa coli sinistra.

The Simian pattern is best understood as derived from the

Prosimian pattern by reduction.

If the gut-patterns were our sole source of information as

to the inter-relationships of existing mammals, I do not think
that we could get much further than is set forth in the annexed
table, in which little stress must be laid on the vertical

arrangement :—

Marsupialia.

Xenarthra.
Tubulidentata.

— Pholidota,

Monotremata.

{Hyracoidea.
Sirenia.

Proboscidea.

Mystacoceti—Odontoceti

.

f Hippopotamidse. 1 m .
•. • i f

Tylopoda.
^ r-j • 1 r xi'asruJoiciea, ^ -w-^

[ buidaj.
J

°
[ Pecora.

Perissodactyla,

Prosimiee—Simiae.

Rodentia.

Insectivora.

Chiroptera.

Carnivora,
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Preface.

The following paper is the first part of a report upon the

Anoplura and Mallophaga collected upon the Mammals and

Birds that have died from time to time in the Society's Gardens,

and kindly submitted to me for identification and study by

the Zoological Society of London. On account of the oppor-

tunities for straggling on to other species of host afforded to

ectopai'asites on animals in a menagerie, the correct names

of the hosts in some instances may be open to doubt, while the

labour involved in the identification of the specimens is thereby

much increased, particularly in two such groups as these, which

in greater part remain in a state of considerable systematic

Qonfusion. In the present collection, however, I have come

across very little evidence of straggling, and, in any case, such

a contingency is amply compensated for by the fact that through

the kind offices of the*^late Prosector, Dr. F. E. Beddard, F.B.S.,

and the Society's Pathologist, Professor H. G. Plimmer, F.R.S.,

much of the material has been fixed and carefully preserved

in alcohol. It has thus been possible to add to the knowledge

of many of the forms coming under review and to turn the

report into something more than a didl census of names. The

value of the systematist's routine work would be greatly

enhanced if an endeavour were constantly made to add at least

something, however small, to the pre-existing knowledge of the

morphology of-each species. The correct naming of an animal

is the systematist's opportunity—too frequently neglected.

In entomology of late, those who observe the Heavens will

have seen certain signs in the sky, one being the growing demand

for spirit-specimens pari passu with the growing recognition

that there is no group of insects in which a duplicate series of

* Published by permission of the Trustees and communicated by the Secretary.
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spirit-specimens is not essential for systematic study ; while in

many groups, such as those here considered and the Ephe-
meridae, pinned or carded material is for the purposes of study
almost worthless. Another portent is the obsolescence of the
short, superficial Latin diagnosis in the description of new
species^the persistent remains of the early influence of the
schoolmen on systematic zoology. In some quarters the super-
ficial diagnosis is already swept into limbo Avith the Sedan
chair—both of them vehicles which could not possibly take us
far, as traffic runs nowadays.
As precis work the superficial diagnosis is admirable. A

certain number of characters from a certain restricted area
of an animal's anatomy (as a rule, the easily accessible external
parts) are selected and then welded into a cast-iron paragraph
as exact and inflexible as a lawyer's deed-poll. But in ento-

mology, as in politics, the lawyer is a strong but undesirable
element, and the only justification for the superficial diagnosis is

that the descriptive writer sometimes may find it convenient as

a summary to tag on to the end of a long description.

The systematist is primai-ily a morphologist whose task it is

to discover the true phylogenetic relationships, at least between
the small subdivisions such as genera, and species. This is a
responsible task, especially in entomology, requiring the dis-

section, careful morphological examination, and description of

each species. Many characters which have to be dissected to be
seen are already in use among systematic entomologists, e. g.,

the male genitalia, the spermatheca, the mouth-parts, and endo-
skeleton. It is not suggested, of course, that internal or con-

cealed characters are necessarily better than external ones.

What are the best characters for systematic use is a question
which has to be investigated and settled for each individual

group of the Animal Kingdom. Quite recently Dr. P, Chalmers
Mitchell wrote * ;

—" The more experience I gain of avian
anatomy, the more I am convinced that systematists are well

advised when they rely, at least with regard to the discrimination

of species and genera,, more upon those superficial characters

that they can observe in the series of museum collections than
on the uncertain indications afforded by the presence or absence
of this or that muscle."

Yet, how many systematists have conscientiously gone through
the anatomy of their group with a view to settling this fundamental
question of the best combination of characters for the purposes
of classification (for I imagine that single-character classification,

such as Huxlej^'s palate and Garrod's ambiens among birds is now
discredited). The descriptive writer is an opportunist who, as a
rule, seizes upon the most convenient characters that offer them-
selves. Certainly, it is in entomological opportunism that we
must seek the cau.se of the present systematic disoi-der among the

* P. Z. S. It)l5, IK 413.
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Anoplura and Mallophaga, for recent authors alone have agreed
to treat these two groups from the morphological standpoint *.

Lest in the following essay it be urged, perhaps, that I have
recke 1 not my own rede, it must be explained that the amount
of anatomical work which a systematist is able to accomplish on
any one species is governed by the nature of the material—its

quantity and quality. No attempt has been made to dissect

species of which only one or two specimens were available, and
in no case has it been possible to attempt the anatomy of the
soft parts, as Part I. deals mainly Avith those specimens—in a
poor state of preservation— which formed the nucleus of the
collection handed over to me in the beginning from another
work3r who was prevented from carrying out the work.

ANOPLURA.

Genus Pediculus Linne.

Pediculus capitis De Geer (1).

Piaget (2, p. 626) described as a new species of Pedictihis a
form taken on Ateles pentadactylus Is. Geoff, from the collection

of the Museum of Leiden. P. consobrinus, as it was named, is so

close to P. capitis that one searches Piaget's text and figures in

vain for reliable distinguishing characters, and Neumann
(3, p. 440) concludes that P. consobrinus cannot be clearly

separated from P. ccqntis. Without Piaget's types before me,
it is impossible to be certain about this, but that P. cajjitis does

on oscasion in menageries pass from man to monkeys is shown
by specimens captured in the Gardens on the Red-faced Spider

Monkey {Ateles paniscus Linn., Family Oebidfe).

Pediculus affinis Mjclbergf (4, p. 169).

In large numbers on Ateles panlscus Linn. (Family Cebidse)

together with larvfe. In a lot distinct from the preceding.

Fahrenholz (5, p. 8) has described the larvfe of Pediculus

capitis, with which the larv« of P. affinis agree very closely, not

only in the 3-segmented antenna, but in details of abdominal

* The wliole question of the methods of research employed by the systematic

zoologist is discussed in an anonymous paper published in ' The American
Naturalist' for May 1914 (p. 369) entitled "Taxonomy and Evolution."

f Tliis series of Pediculus, which undoubtedly belongs to the form named
P. affifds bj' Mjoberg, proves on examination to be a very inconsiderable variety

of P. capitis. Every one of the charactere given by Mjoberg is inconstant and
occurs occasionally, 1 find, on varieties of P. capitis from savage races. P. affinis

is probably a straggler from human beings, establishing itself on Ateles on account

of a certain similarity in the blood and hair between Ateles and the Anthropoids as

adduc3d by Friedenthal. On this assumption the family Pediculidas is, as fai- as

known at present, confined to the Old World : the Pediculinse on Man and Apes,

the Padicininffi on the lower monkeys. If it be held that P. affinis is a true

parasite and at no time a straggler from Man, then, in view of the verj^ general

opinion that Platyrhine and Catarhine monkeys diverged very early from one anothei",

this Cebid Pediculus would have to be regarded as a very remarkable case of con-

vergence. The question will be fully dealt with in the ' Annals and Magazine of

Natural History.'
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chsetotaxy. Fahrenholz omits all reference to the larval clifeto-

taxjr of the head and thorax, and it is therefore worthy of

remark that, while the head and thoracic chfetotaxy (dorsal

snrface)of larvte and adults are almost identical, the arrangement
of the hairs on the ventiul surface of these parts in the larvfe of

P. affinis differs considerably, especially that of Stage I., from
that of the adult in the same regions. On the dorsal surface the
differences are negligible. But on the ventral surface of the bead
in Stage I. there are but two hairs (or bristles) ; in Stage II.

there are four (two in front and two behind), and two minute
hairs on each side in the preantennal area. The lower surface
of the head of Stage III., as regards chsetotaxy, closely resembles
the adult, except that the small group of hairs behind each
antenna contains fewer hairs than in the group of the adult.
On the ventral surface of the thorax there are fewer of the
minute scattered hairs.

These facts are of some interest, being contrary to Avhat has
been found to obtain in the larvje of three species of Polyplax
(6, p. 271), where the chtetotaxy of the head and thorax is fully

adult in Stage I., while that of the abdomen in the same stage
agrees with Pedicidus in presenting great differences.

Genus Pedicixqs Gervais.

Several species of Pedicinina?, including one undoubtedly new
form from Colobus caudatus Thos. (Family Cercopithecidae). are
contained in the collection. But this group is difficult and inf

some confusion, and the Society's material is insufficient to
justify any attempt to straighten things out. Fahrenholz's
paper (5, p. 12) clears the way for a revision, which can best
be effected by a study of the male copulatory apparatus.

Only the two following species have been definitely named :

—

Pedicixus rhesi Fahrenholz (5, p. 16).

A few specimens from Macacus imius (now known as Piihecvs
inuus Linn.). Fahrenholz's specimens were obtained upon a
" Macacus rhesus." Both hosts belong to the Cercopithecida^.

Genus Phthirpedicixus Falirenholz (5, p. 22).

Phthirpedicixus MiCROPS (Nitzsch) * (5. p. 25).

A single female from an unrecorded host.

Genus PoLYPLAx Enderlein.

PoLYPLAX SPixuLOSA (Burni.) (7).

Numbers of specimens of this cosmopolitan species caueht on
the cosmopolitan rat [Epimys norregicus Erxl.). The larvae and

* [The parentheses avound tlie names of r.iitliors plsscfd after scientific names in
this paper are used in accordance with Article 23 of tlie International Rules of
Nomenclature (Proc. 7th Int. Cong. Boston, 1907, p. 44 (1912j).—EiuioE.";
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*fche male copulatory appaiutus are described and figured in the
P. Z. S. 1915, pp. 256, 268, text-figs. 7, 15, 16).

Exjilanation of the Terminology used in describing the Male
Copulatory Apparatus of Anoplura and Mallophaga.

In almost all Anoplura and Mallophaga, it is easy to recognise
at once the basal plate and the parameres. The basal plate

—

probably double in origin as two longitudinal apodemes—is a
chitinous lamina usually, if not always, longer than bi'oad, to

the posterior lateral angles of which are articulated the two
chitinous appendages known as parameres. Between the para-
meres is the mesosome, the parts of which are not so readily

made out unless a specimen be carefully dissected. Fundamen-
tally, the mesosome is a sac—the enlarged and extrusible end
continuous with the ductus ejaculatorius. This sac—called

by Mjoberg " the prepvitial sac "—presents two regions of

chitinisation—a distal and a proximal. At the distal end is the
rod of the penis or virga, with frequently a splint on each side

•called the telomere, and one below—the hypomere *. At the
proximal end are the endomeres, usually strongly chitinised

bands or rods, one on each side, suppoi'ting the membrane of

the sac, of which they are only local thickenings. The whole
•of the genitalia exhibit enormous variety in form, and the
mesosomatic parts in particular are occasionally so much modified
that it becomes difficult to recognise their conformation to the
general plan just sketched out above. For example, in many
Philopterids, such as Bocophorus, no sacular portion of the
appai-atus is recognisable, and the distal chitinisations lie well

back within the proximal, the whole forming a solid and compact
mesosome. The above terms are, therefore, adopted solely for

convenience of desciiption.

Genus LiNOG>TATHUS Enderlein.

LiNOGNATHUs cAvi.E-CAPENSis (Pallas) (8, p. 37). (Text-fig. 1.)

The ample material of this species submitted provided the
•opportunity for a dissection of the copulatory apparatus of the
male, which hitherto has been neither described nor figured.

The accompanying text-illustration (text-fig. 1) makes it easy
to dispense with a good deal of circumlocutionary description.

Basal plate: A fairly long and narrow rod, the jjosterior end
of which, for the purpose of afibrding articulation to the para-

meres, is widened, and each posterior lateral angle drawn out
into a short process, leaving the lower margin of the plate

•concave between.

Parameres : Each paramere at the base is fairly broad and fits

in around the concave lower margin of the basal plate. Halfway

* For these terms, first applied to specialised Pliilopterid forms, see Waterston,
Annals of the S. African Museum, vol. x. pt. 9, 1914, p. 279.

Proc. Zool. See— 1916, No. XYII. 17
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down on the inner side, each paramere shows a very pronounced

thickening or nodule of chitin. At the extreme distal end the

small acute termination of the paramere bends in sharply to face

its fellow,

Text-fio'ure 1.

BP_

Par_ End

Linognatlms cavice-caj^ensis. Male copulatory apparatus. X 378.

BP. Basal plate ; Mid. endomere ; P. penis ; Par. paramere.

Endomeres : These are fused at the base into a single piece.

The two limbs support the " preputial sac," on the lower side of

which, in the retracted condition, may be observed six large

pustular alveoli, probably containing minute directive hairs or

other form of sense-organ.

Penis : At the tip is an aperture, surrounded by a noose of

chitin. This is probably the opening for the seminal fluid.

Telomeres : Not separately distinguishable.
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The hypomere is in the form of a thin flat band, running back
from the tip of the penis along the lower surface of the sac.

LiNOGNATHUS LiMNOTRAGi Cummings (8, p. 36). (Text-fig. 2.)

Several specimens collected on Limnotragus gratus Scl. (Congo)

and also on Taurotragus oryx.

Text-fiaure 2.

.BP

Linognathus Umnotragi. Male copulatory apparatus. X 232.

BF. Basal plate ; JEJ. endomere ; P. penis ; Far. paramere

;

^. cross-section along the line a-h.

The parameres are dissected apart.

The following is a description of the male copulatory apparatus,,

unfortunately omitted from the original description :

—

Basal plate : Rod-like, with an expanded posterior end tjust
17*
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as in the preceding species. The posterior lateral processes,

Tiowever, are less developed, and the posterior margin of the

expanded posterior end is only slightly concave.

Parameres : These are of a remarkable type (text-fig. 2).

Proximally they are broad blade-like pieces which meet each

•other (but do not fuse) beneath the mesosome in a fairly long

median groove, then dorsally wrap themselves ax^ound the

mesosome lying between them, forming a kind of sheath, from
the end of which the penis projects, and, like the somewhat
narrower distal ends of the parameres, curls up dorsalwards.

Penis : As in L. cavice-capensis, this ends in a loop-like aperture,

of much smaller size, relatively. On each side of it may be

discerned, under a high power, a small telomere, the three

together forming a complex, running backwards into a broader

basal part between the parameres.

The part " E " I regard as the endomeral part of the copulatory

tube. These parts are reconsidered on p. 266.

LiNOGNATHUS TIBIALIS (Piaget) (2, p. 646).

6 5 $ from an unrecorded host.

LiNOGXATHUS GAZELLA Mjoberg (4, p. 157).

5 5 $ from an unrecorded host.

LiNOGNATHUS PiTHODES, sp. n. (Text-figs. 3-5
)

1 S 6 and 12 5 5 from the Indian Antelope Antelope cervi-

capra Linn. Lucas described a variety of L. tibialis from the

same host (Ann. Soc. Ent. France, 1847, p. 534).

The species about to be described may at once be distinguished

from all other members of the genus at present known by the

presence on the abdomen of the male of a segmental series of

tergites, each possessing a row of closely placed spines or
" thorns," short and very thick, and set in a perfectly straight

alignment (see text-fig. 3). The trefoil-shaped appeai-ance of

the posterior end of the abdomen in the male is also an obvious

character for the species.

The genus Liaognathus has hitherto been in part defined by
the absence of abdominal sclerites ; but, as in other respects the

new species is typically linognathoid, it is better to expand the

diagnosis of the old genus than to create a new one.

External Form. Male.—A stout insect with a large tun-

shaped abdomen. Head : Short and broad, almost as broad as

long, extending only a little beyond the anteniife. In front the

head is truncate and broad, the lateral angles rounded. Mouth
opens ventrally in the middle of a circle of broad-banded chitin,

the anterior semicircle of which runs across the dorsal sui^face

of the truncate front of the head and then down on each

side, the posterior semicircle being composed of thinner chitin.

The post-antennal region of the head is a little broader than the
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pre-antennal, and the two margins are parallel to one another,

Antennce : Elongate, graduated in width from the base to the

tip (see measurements, p. 266). Cephalic apodemes as usual in

Linognathus absent, the head fitting into a deep V-shaped cleft

Text-fio-ure 3.

Linognathus pithodes, (?. X 68.

of the prothorax. Thorax : Broader than the head. Legs

powerful, particularly the coxse. The first pair of coxte are large

enough to reach forward on each side nearly as far as the
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antennse. The coxee on the same side are contiguous, but widely
separated from those of the other side. Femora short and very-

convex in the postaxial margin. Abdomen : Broad, globose.

The tip of the copulatory apparatus projects from the tip of a

long, stout, genital papilla shaped like a finger and terminating
the abdomen. It lies between two smaller processes which
project only a little, and are formed by the pleurites of the last

segment. Dorsally there are five transverse strips of light brown
chitin forming the tergite on each of segments 3 to 7, the anterior

ones most clearly delimited.

Text-figure 4.

lAnognathus pitlwdes, ?. Ventral surface, showing gonopods. X 46'5.

External Form. Female.—Abdomen : A little longer and
narrower than in the male. Tergites absent. As in the female

of L. tibialis, L. fahrenholzi and others, the end of the abdomen
is drawn out into a pair of processes, which in this species are

quite short and project only a little beyond the terminal tergum.
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The gonopods measure '2 of a millimetre in length and '09 wide,
each with a strong chitinons external margin (text-fig. 4).

Chcetotaxy. Male.—Remarkable for the presence along the
^abdominal tergites of a segmental series of perfectly straight

transverse rows of closely placed spines—short, thick, and dark
brown in colour. Head : (Several well-spaced haii-s on the
chitinous circle around the mouth. Dorsal surface : hairs

arranged as in the text-figure. Ventral surface : a stout hair
on each side at about the level of the postaxial margin of the
antenna. Thorax : A stout bristle on each side of the pronotum.
The usual mesothoracic bristle ; between it and the spiracle on
each side three small spiny hairs. Two spines on the hind
margin of the metanotum. Abdomen : The rows of modified
•short spines in straight alignment on the dorsal surface are
^iven in the following table :

—

Segment 1 2

„ 2 2

^
{ 5

5
|l^

" ^ { 9

7 16

On the tergum of segment 8 are two bristles, while aci'oss

the tergvim of the terminal segment is a row rather difficult to

observe of eight or nine small hairs which connect up with two
small groups of hairs, one on each pleurite. On the pleurae of

each segment, dorsally, numerous scattered lanceolate spines. A
pair of small hairs at the tip of the genital papilla. Other
hairs as in text-figure 3. On the ventral surface the spines are

mostly lanceolate in shape, more widely spaced and fewer in

number, arranged in six rows. In the first and second there
are four ; in the third, eight ; in the fourth, nine (the two
middle ones being longest) ; in the fifth, twelve (the four middle
ones being longest) ; in the sixth, ten (the four middle ones being
longest and the lateral ones irregularly arranged). On the
sternum of segment 8 there are two long liristles and a lanceolate

spine on the inside of each pleurum.

Ohmtotaxy. Female.—Head : As in the male ; but the hairs

on the dorsal surface are stouter and longer. Thorax : As in

the male. Abdomen : Both dorsal and ventral surfaces covered
with a large number of stout lanceolate spines arranged in no
definite pattern or order. On the tergum of the eighth segment,
somewhat apart from the others, are two extra long hairs. On
the eighth sternum, in the middle, just before the gonopods, are

four elongate bristles in two pairs. Between the two couples is



264 MR. B. F. CUMMINGS ON LICE

a patch of minute hairs, ten in number. Tips of gonopods with-

several elongate bristles and a patch (situated chiefly on the-

doisal surface of the gonopod) of smallish thin hairs. Pleura

of segments 3 and 4 with a single long biistle each. Those o£'

segments 5, 6, 7, and 8 each with two.

Text-fifiure 5.

Ps.P

Ziinognathus pithodes. Male copulatoiy apparatus. X 178.

The parameres have been pulled apart.

BF. Basal plate ; End. endomere ; F. penis ; Par. paramere
;

Ps.P. pseudo-penis.

Coloratio7i.—The thicker parts of the exoskeleton are of so

warm brown colour, as, for example, the band on the anterior
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margin of the head, the " thumbs " and claws of the second and
third pairs of legs, and also at the extremity of the abdomen
in the bays, one on each side of the base of the finger-shaped

genital papilla in the male. The tergites are of a light brown
colour, and each antennal segment is similarly banded. Across
the distal broad part of the tibiae of the front legs is a com-
paratively narrow, transverse, brown band. Coxse of a uniform
deep blown colour.

Male Gopulatory Apparatus {text-G.g. 5).—Basal plate : Broader
than the plate in the two preceding species of Linognathus. At
the base it is slightly bifid, each short limb being a process for

the articulation of a paramere. A suture is observable in the

median line of the plate, extending from the cleft between the
two basal processes up to just beyond half the length of the plate.

This groove or suture, which indicates the originally double
nature of the plate probably throughout the Order, lies in a

narrow thickening in the mid-line of the plate, on each side of

which the chitin is flattened and thinner. At the upper end the
plate is of a uniform thinness and is a little broader. Parameres :

These are long, narrow, and tapering to an acute apex. Towards
the base each paramere develops on its inner side a kind of

supporting ledge or shelf which runs in below the mesosome.
The outer side becomes thickened and turns in almost at right

angles on arriving at the basal plate, with the limb of which
on each side of the cleft it is connected. Penis : Although it is

impossible to speak definitely when the apparatus is in the
retracted state, I think it is fairly safe to assume that the loop-

like apertures marked P in text-figs. 1, 2 & 5 are homologous.
jSTow, in L. linmotragi this aperture obviously lies at the tip of

the penis, whereas in the present new foi-m it is seen lying

within the chitinous bars marked End. It may therefore

be supposed that the distal end of the penis-tube with the
aperture is here telescoped into the firm chitinous base, which
may be either endomeral or the base of the penis. The pseudo-
penis (Ps.P.) is also probably an endomeral chitinisation.

Measui-einents (onUlimetre scale).
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Antenna ofmale.
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irom an Eland in the Zoological Gardens at Edinburgh. It is

interesting to include a description and figure of the Eland
Linognathus here for the purpose of comparison.

Basal plate : This closely resembles the plate of L. pitkodes in

the bifid lower end, the median suture, and median raised strip.

Parameres : Proximally broad and fitting around the mesosome
closely, a feature in which they resemble those of L. limnotragi

'(which wrap in around the mesosome extensively) and L. pithodes,

in which there is a broad leaf-like shelf {see p. 264). They
resemble L. cavim-capensis in the possession on the inner concave

surface about halfway down of an area of thickened chitin,

longer than the so-called "nodule" in the Procavian Linognathus.

The appearance suggests, in both instances, a strengthening of

the middle part for clasping the mesosome. Mesosome : As in

L. pithodes, a pseudo-penis is present and fused with the rest of

the endoraeral chitinisation (text-fig. 6). A thin ledge of thin

•chitin runs along the outside of each of the two parallel bars.

Between them lies the aperture and what I interpret as the

i}rue penis.

Genus Hybophthirus Enderlein.

Hybophthirus NOTOPHALiiUS (Neumann) (8, p. 44, and 9).

<Text-figs. 7, 8.)

Eggs, larvae, and adults, male and female, from Orycteropus

afer (Pall.).

Text-fia:ure 7.

HylopMliirus notophalliis. Egg.

C. Cement; L. lid. X 36.

Both Enderlein and Neumann (see 8, p. 44) have described

this isolated louse-form ; but Neumann's description is much

the fuller, and includes a figure and description of the male
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copulatory apparatus. The Society's specimens agree in toto with

those described by ISTeumann. In Enderlein's figure there is a

discrepancy in the metanotum which I do not undei'stand.

I have re-examined the male copulatory apparatus and the

following desci'iption supplements Neumann's and brings the

parts under recently devised terminology. Basal plate : Fairly

long and broad, broader in front than behind. The broader

anterior end is somewhat spatulate, the concave side facing

Text-fioure 8.

Sj/bophthirus notophaUus. Larva, Stage I. X 39.

dorsally. Parameres : Strong, fairly straight rods. They bulge-

a little and then immediately narrow before the tip. The tip is

short and turned outwards. Mesosoine : The parts between the

parameres are merged into a single structvire, in which the

following parts may be distinguished :—Two bars, one on each

side (probably the endomeres), and apically a triangular plate

—

the pseudo-penis. On the dorsal surface, projecting from about,

the level of the distal ends of the endomeres, is a small median
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chitinous papilla, which is probably the peoiis. The larger distal

end of this papilla is supported on each side by a chitinous

margin—these latter parts, lower down, running into one another
and foi'ming a narrow neck.

The egg is shown in outline in text-fig. 7. The egg is large

and fastened to the hair by a very strong thick cement along a
straight inner surface, equal almost to two-thirds its total length.

The shell and the lid are quite smooth. The micropyle appara,tus

on the lid consists of a number of very minute canals, which do
not, as in many Anoplura, project as papillfe on the lid. Length
1"5 mm.

;
greatest width '72 mm.

Larva, Stage I. (text-fig. 8).—Head is veiy rounded. Abdomen
without sclerites, ovate, smooth mai'gin all the way round.
Thorax with straight hind margin. Almost bald, except for

two mesonotal hairs and two long hairs on each side of the last

segment of abdomen. Other minute hairs as shown in the text-

figure. Described from a single specimen.

Measurements {^millitnetre scale).
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the so-called paraglossse the front margin of the labium is a little-

concave in the middle and somewhat swollen on each side at
the base of each paraglossa. Each swollen patch carries several
small spiny hairs. First maxiUce : For the palpi, see text-
figure. The lobes are twice as long as broad. The inner surface
densely studded with small curved hooks, those at the distal

end longest. Mandibles : The right mandible is roughly quadri-
lateral, the two distal lateral angles being formed by two distinct

Text-fie-ure 9.

Boopia tarsata. Mouth-parts. X 300.

CG. Ciliated groove; FF. fringed plate; MC. median cornu ; MP. main plate

of lyriform organ ; illfa;j9.^maxillary palpus ; P. paraglossa; FC. post, cornu;
PB. post, band; E. right mandible. 2^. Antenna.

apices—one acuminate, the other broad and rounded—separated
from one another by a bay. The left is less powerful, with two
acuminate apices—one 'alongside the other, and one a little

longer than the other. Isojjogo^netric apjxiratus : The text-

figure shows the peculiarly complex framework on which this,

apparatus is held together. The main plate of the pharyngeal
sclerite bears a curious resemblance to the sternum of such a
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Ratite bird as Dinoi'nis or Apteryx. The posterior lateral pieces.

are produced some way backwards and join on each, side a trans-

verse band. From each end of the transverse band a posterior

cornu coils upwards on each side of the pharynx. The plate alsa

has a posterior median process and two anterior lateral processes.

The latter run forward and each gives articulation to a chitinous

strip which bends round at the mouth and there forms the double
fringed plate. Forwards, from the pharyngeal plate between the

two anterior processes, two strong narrow cords run, forming
between them the " ciliated groove," but diverging and even-
tually curling around posterior to the fringed plate on each side,

so as to turn back into a broad, somewhat indefinite sheet of

rather thin opaque chitin set with teeth.

Genus Trichodectes Nitzsch.

Trichodeotes brevigeps Rudow (11).

8 2 5 from Lama glama L. (Family Camelidae). Rudow's
descriptions are notoriously bad, and are, as a rule, insufficient

even for identification purposes. I prefer, however, to refer

these female specimens to his species for the present, rather than
describe them as new.

Trichodectes parumpilosus Piaget (2, p. 397).

Two immature specimens from Cervus xanthopygus M.-
Edwards, I refer very doubtfully to this species.

Trichodectes latus JSTitzsch (10, p. 53). (Text-fig. 10.)

Twelve specimens, including males, from Canis latrans Linn.
Male Copulatory Apjyaratus (text-fig. 10).

—

Basal plate : The out
line is shown in the figure. The lateral margins are strongly
developed rods, the main body of the plate between being concave,

so that the whole plate is of a trouglvlike form. At its anterior-

end the plate is rounded and the chitin becomes opaque and the
outline indefinite. Parameres : At the base these are broad and
leaflike, folding around the mesosome so as to form a sheath.

The margins of the parameres almost meet each other over the
dorsal surface at the base and similarly over the ventral surface..

The sac is shot out between the parameres and is covered with
denticles. One-half of the distance from its extremity is a
transverse row of about eighteen, triangular denticles, larger

than the rest, and functioning probably as retinacula. On the
dorsal surface tho base of this sac is strengthened by a flat

lanceolate splint of chitii:i, with a broader base (at the lower
margin of the basal plate) and a much narrower distal end
towards the tips of the parameres. When the apparatus is

retracted, this lanceolate band at about halfway is bent down-
wards and back upon itself, so that in side view it appears as an
enigmatic loop. Between the two lateral margins, in the clear-
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space at the base of the plate, may be seen a small forked rod,
the fork pointing forwards. I am unable to say definitely
whether this is the penis-rod attached to the end of the extru-
sible sac, or whether it is merely a median chitinisation of the
basal plate,

Text-fie-nre ] 0.

Tricliodectes latus. Male copulatory apparatus. X 200.

BP. Basal plate; FR. forked rod ; LB. lanceolate band (endomeral)

;

P. paramere; TS. preputial sac.

Teichodectes crassus Nitzsch (10, p. 53).

Eighteen specimens from the Common Badger (Meles meles
Xiinn.).

The male copulatory apparatus of this species agrees very
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closely with that of the preceding species. T. phigids IST. also

presents a close resemblance in the male genitalia to T. latus.

In a revision and splitting up of this large and unwieldy genus,
these are facts which should be borne in mind. (Concerning this

subject, see also p. 283.)

Trichodectes cornutus Gervais (12).

One female and two larvae from Gazella euchore, now known as

Antido?'cas euchore Zimm. Gervais's specimens were collected on
Antilope dorcas. Taschenberg (13; p. 220) identifies the species

with Rudow's T. longiceps (11, p. 110), taken on A. arahica.

Neumann (14, p. 626) records it from Hijypotragtos equinus.

But, as Piaget remarks, the species requires to be examined
again and described with more care.

Trichodectes hemitragi, sp; n. (Text-figs. 11, 12.)

The material on which the following description is based
consists of 13 females from the Tahr [Hemitragus jemlaicus

Ham. Smith).

This new parasite is of considerable interest, on account of

certain features in the anatomy of the mouth-parts, which are

figured and detailed below. It is sufficient here to say that the
pharyngeal sclerite or lyriform organ, upon superficial inspection

apparently absent, proves on dissection to be present, but in so

highly modified a form, that it must be considered unique in the

Trichodectidae so far examined, while it diverges greatly from
the typical form of the organ in the Mallophaga as a whole
(compare text-fig. 12 with text-fig. 16). This is the more
interesting, as T. hemitragi 5 is unmistakably a Trichodect, and
presents, with this exception, no particu.larly novel characters.

The male, however, is yet to be discovered, and may prove to

rank as a distinct genus.

In examples of Docophorihs bisignatus, from the Storks and
Ibises, I have pointed out an instance (20, p. 134), very similar

to the present one, of an abrupt deviation in the form of the

oesophageal sclerite from that of the rest of the Mallophaga,
whei'e, particularly in Docojjhortos and Trichodectes and in the

Ischnocera generally, it presents a fairly uniform appearance.

It would be premature to discuss the reason for this funda-

mental change in the character of this organ, occurring so

abruptly among forms not otherwise anomalous, until our know-
ledge of the function of the isopogometric apparatus is more
exact and fuller. But it is, in any event, a very remarkable fact.

It may be pointed out that the pharyngeal sclerite is an
internal organ, and in both the cases mentioned above is

invisible without dissection. In these instances, therefore, a

purely sujjerficial. diagnosis could only have resulted in the

omission of an important and deep-rooted morphological differ-

>ence—a character which, if external, would probably entitle the

Proc. Zool. Soc—1916, No. XYIII. 18
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species to generic rank, in the opinion of most of the systematic-

workers in this Order.

The following is a description :

—

External Form (text-fig. 11). Female.— Head: Preantennal

area quite short. ISTo frontal sinus, front margin straight or

Text-fio'tire 11.

TrieJiodeetes hemitragi, $ . X o5'5.

very slightly concave, with a narrow marginal hand. Inferior

"hair-canal'' absent or obsolete. Temples very rounded and

swell outwards behind the eye, making the head a little broader

behind the antennae than in front. Dorsally, two occipital



FROM THE society's GARDENS. 275

bands as rafters of the skull run forward towards the mandibles^
and are straight and parallel to one another. In front of each
antenna is a fairly large inci'assation , rounded in form and con-
nected by a narrower neck with the margin. Thorax: Narrower

.
than the head, with straight metanotal margin and convex lateral

margin. Abdomen: Broader than the head, elliptical. A brown
band on the dorsum of the segments, those on 5, 6 and 7 being
the deepest in colour and in length. Gonopods (see text-fig. 11).

Chcetotaxy. Female.—Head : Dorsal surface covered with a
great many fairly short hairs. Antennfe also set with- a great
many hairs, long and short, including one long one preaxially

and a row of four long ones dorso-postaxially in segment 2, and
on segment 3, along the postaxial margin, a straight row of six

fairly long hairs. Ventrally, postantenual area appears to be
quite bare. On the preantennal area there are numerous long
bi-istles between the antenna and the frontal margin. Thorax :

Dorsal surface set with small bristles, arranged as shown in the
figure. Abdomen : Dorsal surface covered with bristles, long
and short, which it is possible roughly to analyse into three
traiisverse rows on each segment. There is, however, a small
bare area inside each pleurite. Each pleurite carries numerous
small hairs and two long ones, which are particularly long in

segments 6 and 7. Dorsum of last segment almost bare, except
for four or five long hairs in a widely-spaced transverse row.

' Yentral surface thickly covered with hairs, there being a par-

'

ticularly dense patch between the gonopods. At the extreme
end of the abdomen there are two long bristles dorsally and two
ventrally.

Mouth-parts.—Although thehair-canal in front of the mandibles
may be said to be absent, it is indicated on the ventral surface

by a difference in the thickness of the chitin of the margin.
Mandibles are large and strongly ridged, the right one in almost
its whole breadth lying behind the left, far forward near the

front margin of the head. On the right one are three distinct

apices, the middle one being the longest. At the base it runs in

as a stout quadrangular process (text-fig. 12). Opposite this and
on the dorsal surface is a large knob of dense chitin. The left

mandible has three apices, two of which are very small and close

together, and the usual narrow basal process. The transverse

ridges are particularly strong, j)rominent, and downwardly
directed at the base of the ventral tooth. Ridges are continuous
in both mandibles across the surface of the mandible. First

Maxilloi : These do not call for particular remark. Lahitmi

:

Front margin straight with a small, short, squat pai'agiossa

at each lateral angle. Isopogometric Apparatus : The pharyngeal
sclerite or lyriform organ is a slender and delicate piece of

chitin, consisting of two large sprawling posterior cornua, a

prominent median cornu between these, a small and insignificant

"nucleus" or main body, and two anterior cornua rather broad
and long. The chitinous chord or duct, as usual, runs forward

18*
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and bifurcates, each branch entering a " gland " or basal piece.
The latter has a short posterior tendon attached to it.

Text-fisfure 12.

TricJiodectes liemitragi. Mouth-parts. X 166. Labium not shown.

L. Left mandible. R. Right mandible. X 120.

JiP. Basal iirocess ; D. duct ; G-. " gland "
; K. knob ; JLO. lyriform organ ;

PC, MC. AC. posterior, median, and anterior cornua; QP. quadrangular

])viicL'?s ; 1, 3, 3. apices.

Measurements (millinietre scale), $ .
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porcinus) and T. climax N. (from Capra hirctis), more especially

the former.

The species is named after Mr. Launcelot Harrison, B.Sc, of

the University of Sydney.

Text-figure 13.

Tricliodectes harrisoni, $. X about 55.

a. Tip of antenna, mucli enlarged.

External Form. Male (text-fig. 13).

—

Head : Front margin

semicircular. Marginal band narrow at the sides, broader across

the front. Frontal sinus absent. Antennse arise about midway.
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one on each side, Postantennal area as broad as the base of the

preantennal semicircle. Temples rounded. Occipital margin
broad ; the two dorsal rafters of the skull are parallel and
widely separated. There are also two ventral rafters pursuing
the same course. At the occiput the dorsal and the ventral

rafter of each side are united one to the other by a concave

broad band forming the sides of the occipital hole. Forwards
the doi'sal rafters become evanescent in the chitin of the roof,

just about the level of the mandibles. Each ventral rafter in

front splits into two branches, the outer curling around into the

posterior part of the antennary socket and the inner one appa-

rently becoming absorbed in the thick chitin, which gives the

mandibles articulation. Antenna: First segment large, swollen,

all three segments about equal in length. Hair- canal absent or,

at any rate, very shallow ; two somewhat convergent chitinous

bands run from the clypeus to the front margin of the head and
indicate the sides of the canal. As in T. climax and others

the frontal marginal band is thickened, with a narrow, median,
longitudinal, white cleft. In a greatly developed hair-canal,

such as T. subrostraius N. possesses, there is no band crossing

the frontal sinus, the lateral mai-ginal bands, one on each side,

running down the sides of the hair-canal. Thorax : Narrower
than the head. There are two distinct parts—pro-|-mesothorax

and metathora.x or prothorax and meso-fmetathorax. The latter

is a little tlie broader. Lateral margins of both are rounded.

Ooxaj of first pair of legs lie close to one another in the centre.

First pair of legs short, the tibipe of the second and third pairs

remarkably long. Abdovie')i : Tapers elegantly to the anal

extremity. The tip is bifid. The material at my disposal is

insufficient to determine the precise morpliology of the bifid

tip. In Damalinia, according to Mjoberg, it is the produced
sternite of the last segment. There are two other species of

Ti^ichodectes with bifid tips to the abdomen, viz., T.forficula P.

and T. appendicidatus P., but I have not been able to examine
either of these for comparison. A tergite on each of the first

three segments ; but each tergite gives a suggestion of being
double, and in the following three segments each tergite is

plainly divided in half by a transverse light-coloured band.

It is possible that these divisions are only colour-differences.

On the penultimate segment, a small tergite. The termination

of the abdomen is of a clear whitish chitin. A single sternite in

each segment. Each sternite, even in the posterior segment, is

an integral whole, so that a genital plate may be said to be
absent, although the last two sternites are, on each side,

bracketed together by a lateral band of brown chitin.

External Form. Female (text- fig. 14).—The usual sexual

differences in the antennae. Abdomen : Ovate. A single tergite

and sternite on each segment, dark brown in colour. Tergite 1

fits the whole space between the pleurites. In the tergites that

follow, there is a clear space laterally between tergite and



FROM THE SOCIETY S GARDENS. 279

-pleurite. The gonopods are fairly broad, ear-like plates pro-

jecting beyond the end of the abdomen. They cover the sternal

surface and lie transversely across the end of the abdomen, their

concave surfaces uppermost, adpressed against the sternal abdo-

aninal surface.

Text-figure 14.

Trichodeetes harrisoni, $ . X about 56.

Chcetotacoy. Male.—Head: A great many scattered hairs over

spreantennal area dorsally, and also over dorsal surface of the

temples. Median doi"sal postantennal area, between the two
longitudinal bands, bare except for a transverse row of short hairs.

Ventrally, numerous short hairs in preantennal area on each side
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qi the hair-canal
;
postantennal area apparently bare. TJiorax:

Small scattered hairs on pronotum aiid a row along posterior

margin. A transverse row of short hairs on metanotum. Other-

hairs as in the figure. Abdomen : A transverse row of quite short,

closely-placed hairs along the posterior margin of each tergite ; in

those segments where two tergites are present, the row runs across

the front margin of the second. A small semicircle of short hairs.

Text-figure 15.

Pen

Trichodectes harrisoni. Male copulatory apparatus. X 118"5.

JBF. Basal plate; JS. eiidomeve ; P. paramere; Pen. penis rod ; PS. preputial sac

on anterior lip of genital opening. The whole of the doi'sal surface
of the apex of the abdomen studded with short hairs. Ventrally,
a row of hairs along posterior margin of each sternite. Fewer
hairs on ventral surface of the end of the abdomen than on the-

dorsal. Other hairs as in the figure.
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Chcetotaxy. Female.—As in the male, except in the region of

the genital opening. Here, a fringe of hairs runs around the

margin of each gonopod, and there is a patch of short ones
between the gonopods at the base.

Male Gopulatory Apparatus.—This resembles that of T.forficula

according to Piaget's rather obscure figure. Basal plate: Consists

of two straight parallel-sided marginal bands, parallel to one
another, with a transparent and apparently membranous median
strip between. At its base for the articulation of the paramere
each band is obliquely truncate. Parameres : Much shorter than

the endomeres. Each paramere in the mid-part of its length is a

narrow rod ; towards the base its inner margin runs out to form
an inner trochanter, as broad as the band of the basal plate to

which it is attached. Distally, the paramere broadens dorso-

ventrally and forms a concave flange, the concave surface on the

Text-fiirure 1(5.

Trichodectes harrisoni. Male moixtl'.-parts (maxillis not shown). X 200.

L. Left mandible. R. Right mandible. X 168.

6r. Gland ; K. knob ; LO. lyriform organ ; P. paraglossa ; 1, 2, 3. apices.

inside. Endomeres : Large pieces, the tips reaching almost to

the genital opening. They are fused into one piece at the base
and form a single forked sclerite, concave dorsally, so as to hold

the sac. Each limb of the fork is quite broad, but has an acute

apex and carries a small nodular tooth subapically. The sac is

long, covered with small denticles. Penis and telomeres are

developed on the distal end, but are very delicate and trans-

parent, and hard to make out (text-fig. 15).

Mouth-parts (text-fig. 16).

—

Mandibles: These resemble those
of T. hemitragi, than which, however, they are relatively much
smaller and less powerful. When in repose, moreover, only the
distal ends overlap, that of tlie right being a little behind and
above (on the inside of) the left. In each there are three apices

;

on the right there is the same stout quadi'angular process, with
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the large knob opioosite. On the left there is the usual sharp
basal process (present in the left mandible of most Mallophaga).
On both mandibles are transverse I'idges fewer than in T. heoni-

tragi. First Maxillce : Small lobes that call for no particular
remark. Labium :

" Paraglossae " short and columnar, rounded
at the tips, firm outer surface. Five inwardly directed spines on
each distal end. No lobes, labial margin straight. Ten minute
hairs, set in large alveoli on the labium, and further hack tw?o

short hairs, one on each side. Isopoyometric Apjmratus: No
posterior cornua on the lyrifoi'm organ. Anterior cornua broad,
and almost as long as the "nucleus."

Measurements {millimetre scale).
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Trichodectes ovis Linn.

Specimens from Ovis onusimon Linn. Also been recorded from
O. aries, 0. oru.ata, 0. melanocephala.

Trichodectes sp.

12 $ $ from Capreolus capreolus Linn, The specimens
belong to the much confused tibialis-grou-p of Trichodectes from
Deer. It is thoroughly unsafe to identify specimens of this

series from females until the confusion, caused chiefly by the

absence of moiphological evidence in previous descriptions and
figures, has been dispelled. These females certainly are not

T. tibialis, but agree most with some unnamed Trichodects from
Keed-Buck (Africa), shown me by Mr. Waterston among some
material belonging to the Imperial Bureau of Entomology.

Genus EuTRiCHOPHiLUS Mjoberg.

EuTRiCHOPHiLUS SETOsus (Gieb.) (10, p. 56). (Text-fig. 17.)

37 2 $ from Erithizon dorsatum Linn.

I have been able to make a preparation of the male copulatory

apparatus from a male contained in a tube of this species presented

to the British Museum by the Hon. N. C. Kothschild. In many
.species of Trichodectidae, males are rai'e and in T. scalaris N.
unknown.
The Family Trichodectidfe consists at present of but thi'ee

genera

—

Trichodectes, Dainalinia, and Eutrichophilus. Before

Damalinia and E%drichop)hilus were split otif in 1910 by Mjoberg,

the old genus Trichodectes was simply a miscellany, which still

requires breaking up into genera—a by no means easy task, on
account of the difficulty in finding convincing characters. In
view of a future revision of the family, attention is drawn to

the probable value of the male genitalia systematically. I find,

for example, that in Eutrichojyhiliis setostcs and in E. coenda

•Stobbe (15) the male genitalia are of quite the same type. This

is described below. Another type, perfectly distinct, is formed
by Trichodectes latus, T. crassus, T. pingiiis, and probably by
others (see p. 271). Still another type may be seen in the

male genitalia of Trichodectes gastrodes Cummings (16, p. 99),

T. viephitidis Osborn (17, p. 242), T. geomydis Osborn (18, p. 54),

and T. interriipto-fasciatus Kell. &, Ferris (19, p. 61), which agree

in the fusion of the parameres at their distal ends and in the bifid

form of the endomeres (see 16, text-fig. 4 ; and 19, pi. vii. fig, 2,

pi. viii. figs. 4 & 6).

Male Copulatory Appa.ratus (text-fig, 17),

—

Basal plate : Broad
anteriorly narrowing gradually to the posterior end, where the

plate is constricted into a narrow " waist," to which the endo-

meres and parameres ai^e attached. The lateral margins are

marrow, rod-like, the posterior third broader. The antei'ior part

of the plate, as is frequently the case, is thinned out, composed

.of delicate chitin with an almost invisible anterior margin.
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Parameres: Of the appendages at the base, of the plate, 1 take
the outside ones to be endomeral and the two elongate inner
ones paramei^es. The homologies of the other parts figured I do
not indicate, pending further dissections.

Text-figure 17.

JSutricJiophihts setosus. Male copulntoiy apparatus. X 182.

BF. Basal plate ; JS. endomerial cliitinisations; P. parameres;

?. problematical parts.

Comparison with the Male Co'pulatory Apparatus of
E. coendu Stobbe.

This is of exactly the same type. Basal plate ; Much broader
in relation to its length than that of U. setosus, and much
broader at the base. Between the two lateral margins at the
base lies the same little chitinous piece as in the preceding
species, only it is larger and stretches right across the plate,,

almost from one margin to the other, narrowing at each end

;

in the middle, pointing upwards and backwards from the hind
margin, is a small sharp-pointed pi-ocess. The two inner appen-
dages are narrow, and twice as long as the outer ones. These,
probably the endomei'es, are very short, bi-oad, stunted pieces,,

articulating with the basal plate.
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Genus LiEMOBOTHRIUM Mtzscll.

L^MOBOTHRiuM TITAN Piaget (2, p. 578).

6 5 2,3 larvae from an Accipitrine bird. Host's name not

given

.

Genus GoNiocoTES Burm.

GONIOCOTES MICROTHORAX Nitzscll (10, p. 184).

1 c5" , 1 $ from the Common Partridge {Perdix perdix Linn.).

Text-figure 18.

Par

Goniocotes giffas. Male copulatory apparatus. X 87.

SF. Basal plate ; .B. endomeral chitinisation ; Far. paramere.

The parameres possess sensory hairs in large alveoli. Compare with text-fig. 23.
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GoNiocoTEs VERRUCOSUS Tascheiiberg (13, p. 94).

I have ventured to identify with Taschenberg's species a single

male from Crypturus noctivagus (Wied). The species was de-

scribed by Taschenberg from a single male taken on Crypturus
variegattis (Gmel.).

GONIOCOTES sp.

1 larva from Querqitedula Jlavirostris (Yieilh).

GoOTOCOTEs GiGAS Piaget (2, p. 238). (Text-fig. 18.)

\ S , 1 2 5 and an immature form from Crossojjtilon mant-
churicum KSwinhoe.

The text-figure of the male copulatory apparatus is drawn
from a specimen in a tube full of this species, presented to the
British Museum by the Hon, N. C. Ptothschild.

Male Copulatory Apparatus.—Basal plate : Very long and
narrow

;
parallel-sided. Anterior half uniform brown. Posterior

half with brown lateral margins and a pale median area.

Parameres : Relatively short, spear-shaped.

Genus Strongylocotes Taschenberg.

Strgngylocotes coniceps Tasch. (13, p. 63).

1 (5 from Cryp>turt(,s noctivagus (Wied).

This species is known from a single male specimen taken on
Crypturus variegatus (Gmel.).

Goniodidce from Tinamous.

The collection contains Goniodida9 from Nothojyrocta cinerascens

(Unvm. ), Bkynchotus r^t/e.sc6?is (Temm.), and Crypturus noctivagus

(Wied), belonging to four or five different species, but in each

instance the material, consisting of but one or two specimens,

is insufficient in a confused group such as this to make their

determination satisfactory. For the time being, therefore, I am
reserving these specimens until the time is ripe for a much-
needed revision of Tinamou Goniodidse.

Genus GoNiODEs Nitzsch.

GonioDes colchicus Denny (21).

1 5 from Phasianus versicolor (Yieill.) and 1 imperfect

specimen from P. coIcMcms.

GonioDes dispar Nitzsch (10, p. 193).

1 c? , 1 $ from the Common Partridge (Perdix jjerdix Linn.).

GoNiODES minor Piaget (2, p. 256).

1 J 5 2 $ 5 , and 1 larva from Leptoptila reichenhachi Pelzeln.
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GoNiODES MEGACEROS Kell. & Paine (22).

1 d from Lophophorus refulgens Temm.
The species is based on a single male from the same host.

Concerning the copulatory apparatus, the authors, in passing,

note that it is " pi-ominent with heavily chitinised rods reaching
to the second abdominal segment." In their figure (pi. xv.

fig. 8) the genitalia are shown as seen through the integument,
but with the parameres in front and the basal plate behind

!

The specimen prepared probably had its genitalia exserted and
coiled over its back with parameres pointing backwards, and in

the course of being mounted the apparatus became pressed down
upon the abdomen in the reversed position.

GoNiODES FALCicoRNis Mtzsch (10, p. 198). (Text-fig. 19.)

Several specimens from Pavo cristatus var. nigrijyennis Sclater.

Mouth-parts (text-fig. 19).— Mandibles : The left (dorsal surface)

is roughly of the shape of an equilateral triangle ; at the exterior

Text-figure 19.

Scl

Goniodes falcicornis. Mouth-parts. X 113'o.

L. Left mandible. R. Right mandible.

BF. Basal process ; C. condyle; G. gland; IjO. lyriform organ; N. chitinous

nodule ; Far. paragiossa
;
QF. quadrangular process ; Scl. sclerite.

basal angle is a small cup-shaped socket where the mandible arti-

culates with the head ; at the inner basal angle is the usual tooth-

like process which is here in the form of a long narrow stylet,

curved at the base, and carrying at the tip pi-eaxially a small

recurved tooth. The apex of the triangle is produced, and carries

two distinct cutting-edges with separate tips. On the ventral

surface the mandible is more of an isosceles triangle in shape, the

base-line being shorter and about midway along its length, running
out into a large rounded condyle of dense chitin. In the right

mandible the basal process as usual is quadrangular, the large
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middle condyle is the same as in the idght, and the socket at the

external angle is somewhat deeper. Two very distinct apices

are present, situated laterally one to the other, the longer one

separated from the shorter by a considerable space. Ridges in

both mandibles absent. First Maxilice : These lobes call for no
special mention. Labium: " Paraglossse " as usual; anterior

margin is concave in the middle with a small convex swelling

on each side carrying four or five spines. On the dorsal surface

of the labium, i. e. within the oral opening, is visible a sclerite

of the same shape and in the same position as that described in

Trichodectes gastrocles (16, p. 99). It consists of a transverse

band with two limbs at each extremity, one anterior and one
posterior. The posterior one in this case is very long, and runs

back on the inside of the under surface of the labium almost as

far as the hind end of the "gland" or basal piece. The anterior

one is noteworthy, as it runs forward a short way and then near

the base of the paraglossa runs into a dark brown chitinous nodule,

visible on the other side of the labium. Shipley (24) regards this

nodule described in G. tetraonis as a labial appendage. (Eso-

phageal sclerite : The text-figure shows the form of this organ in

this species.

Male Copulatory Ap2X(,ratiis.—Mjoberg (4, p. 249, text-fig. 142)

has published a drawing of this apparatus which is so inaccurate

as to require, some time in the future, to be carefully refigured.

The morphology of the parts is more or less clear, there being

basal plate, parameres, endomeres, and penis, but the features

which make this relatively enormous apparatus so remarkable

are the strange and complex forms which the several parts have
assumed.

GoNiODES BicusPiDATUS Piaget (2, p. 278). (Text-figs. 20-22.)

Several specimens from Tragopan cahoti (Gould).

A tube of the same species from Ceriornis satyrus, presented

to the Museum by Lord Rothschild, contained several larvte of

two stages, the description of which is included below.

Male Copulatory Apparatus (text-fig. 20).— The following

description is drawn up from a specimen preserved in copula

with the female. The parts, therefore, were exserted and their

•exact relation easily made out. Basal plate : Long and fairly

broad. Anterior end thin and colourless. Dark brown marginal

bands along posterior half. Parameres : Rather like a rabbit's

ear in outline. The distal end is produced into a very narrow,

slender, needle-like apex. The sac is covered with small teeth,

especially at the distal end, but I have been able to discover no
true penis. At the base of the sac the endomeral chitinisations

consist of two parts, a dorsal and a ventral. The dorsal is a

stout, lanceolate, median piece, quite separate from the sac, and
probabl}^ functioning as a penis. The ventral is a small, thin,

rectangular plate, lying between the two lateral bands at the

base of the basal plate, and giving support to the sac. From each
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of the two anterior lateral angles it sends off a long supporting-

process down the membranous sac. When functioning, the para-

meres stand off at right angles to the sides of the basal plate and

serve to anchor the apparatus within the female's genital cavity.

Text-figure 20.

Goniodes biciispidatns. Male copulatovy apparatus. X 60.

BP. Basal plate ; End. endoinere ; Par. pavamere ; Pi-js.S. preputial sac

;

Ps.P. pseudo-penis.

Zarvce.—The larv^, I believe, were all those which, ultimately,

with one exception (see text-fig. 22, a) would have matured into

Proc. Zool. See—191(5, No. XIX. 19
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females, as in all the specimens the head had assumed, even in

Stage I., the definitive female form. Both the head and the

thorax, not only in form but in chfetotaxy, are practically

identical with the adult female, even in the earliest stage in the

collection, which will probably prove to be Stage I. I have also

made one or two dissections of the larval mouth-parts and

can discover no characters in which they differ materially from

those of the adults. The larval abdomen, however, requires

separate treatment.

Text-figure 21.

Goitiodes bicuspidatus. Larva. Stage I. X 49.

Stage I. (text-fig. 21). External Form.—Abdomen : Small Avith

an even margin, devoid of all sclerites. Chcetotaxy : The arrange-

ment of bristles cannot be safely described from one specimen,

and that given in the figure must be regarded as approximate
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only. Tlie abLlomeu bears a great many bristles, all rela,tively

very long avid powerful.

St%ye II. (text-fig. 22). Ejctern%l Form.—Abdomen: Pleurites

of a simple form developed. As in the adult the pair immedi-
ately behind the metanotum are very large and run in over the

Text-fiffure 22.

Goniodes bicusjndatiis. Lavva. Stage II. (or III. ?). X 33.

a. Antenna of^anotlier larva, probably male, showing a slight

enlargement of segment 3.

dorsum a considerable way. But the rest are simple quadri-

lateral plates lying dorsally on the lateral margin. The small
19*
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spiracle lies on the inner margin of each plemite, about halfway

along its length. Tergites are present in the form of circular or

oval plates, two on each segment, and each tergite is just on the

inside of, but separated by a space from, the j^leurite. In the

adult this space is filled in, and the tergite and pleurite unite.

Chcetotaxy.-—Abdomen : This differs but little from that of the

adult female. But there are apparently some interesting differ-

ences from Stage I. (compare the metanotum in text-figs. 21 &
22). There are fewer hairs in the mid-dorsal region of each

segment, and the cha^totaxy around the end of the abdomen' and
the genital opening differs considerably, of course, from the adults,

in which the sexual organs are matured.

Genus Rhopaloceras Taschenberg.

Rhopaloceeas stylifer Mtzsch (10, p. 200). (Text-figs. 28,

24.)

1 c5' • Host not given
;

probably fI'om Meleagris gallopavo

Linn.
Male Cojndatory Ajiparatus (text-fig. 23).—For the purposes of

the folloAving description I have been able to make use of speci-

mens of this common Turkey parasite, kindly placed at my
disposal by the Rev. Jas. Watei'ston, B.Sc.

The apparatus in this remarkable-looking insect presents

features of great interest, inasmuch as it is reduced to a very

small size (although in no sense atrophied), in correspondence no
doubt with the fact that the terminal segments of the abdomen
have become modified so as to take part in the function of

copulation. Similar adaptation of the end of the abdomen to

the function of copulation is not lare in Mallophaga. Based
2}late : Long and narrow, mai-gins slightly thicker than the

median area ; the anterior end a little broader and thinner.

Best of the Ap2)aratus : This is so highly modified that the

attempt here made to bring it into line with the parts in other

Mallophaga is only partial and tentative. Parameres as such ai'e

absent. Instead, articulating with the basal plate is a small

trowel-shaped plate Avitli the concave side uppermost. Along
the lateral margins (dorsal surface) of the distal half of this

plate there are on each side seven minute directive hairs with
large alveoli. Contained within the hollow formed by the
trowel-shaped plate, and coiling upwards and backwards so as

to resemble a crook, lies the penis (or a pseudo-penis ?). This
crook-shaped piece at its base is set in a stout horseshoe-shaped

piece of dense chitin, the two arms of the horseshoe being-

directed towai-ds the basal plate. The parts are pei'haps a
modification of those of G. gigas (see text-fig. 18), the jiarameres

having coalesced. {Cf. 4, fig. 143.)

Terminal Segments of the Abdomen of the Male (text-fig. 24).

Dorsal surface: The 7th tergite is a narrow transverse band which,
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unlike the preceding tergites, runs i-ight across the dorsal surface

from side to side. This is succeeded by a,large shield-like plate

of chitin forming the fused tergites of the 8th and 9th segments.
Thei'e is a deep median bay in its posterior margin, into which

Text-%ure23.

Ps.P.

Rhojpaloceras stylifer. Male copulatoiy apparatus. X 185.

BP. Basal plate ; Far. pararaere (fused) ; Ps.P. pseudo-penis (A. side view).

is closely fitted the broad bases of the terminal stylets. Ventral

surface : The 7th sternite is broad and long and, unlike the

preceding sternite, runs right across the sternum from side

to side. In front, the anterior part encroaches somewhat upon
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tlie sternal area of the 6th segment. Inimedinte]y in front of

the base of the appendage, which is hinged on to the 8th
sternite, the 7th shows a noticeable quadrilateral development
of its middle part which carries two bristles. The long, narrow,
finger-shaped appendage is attached in the mid-line of the 8th
and extends to the end of the abdomen, where it curves up
betAveen the two terminal stylets, which are excavated somewhat
on their inner surfaces to allow the appendage to pass and fto

Text-fieure 24.

Goniodes stylifer, $ . Terminal segments of the abdomen. Ventral view. X 58.

A. Appendage; Bt. terminal stylet ; Yll., T'JJJ. segments.

project on the dorsal surface. This appendage on its dorsal

surface is concave, convex below. The doisal channel is formed
by the bending over of the free lateral margins, which meet in

the middle but can be separated by a needle and bent back and
flattened ortt as a plate. At its base the chitin is pinched up
to form a hinge. On each side of the middle line the sternite

is developed into a triangiilar piece, with the apex pointing

inwards. The 9th and 10th sternites apparently not developed.



FROM THE society's GARDENS. 295

Literature.

(1) De Geer.—Mem. Hist. Ins., vol. vii. p. 67, pi. i. fi^'. 6

(1778).

(2) Piaget, E.—Les Pediculines. Leide, 1880.

(3) Neumann, L. G.—Arch, de Parasitologic, 1911.

(4) Mjoberg, E.—Arkiv for Zoologi, Stockholm, Bd. 6, No. 13^

1910.

(5) Fahrenholz, H.—Jahresber. Naturh. gesell. Hannover,
(niedersfichs. zool. Ver.), 2-4, (1910-12) 1912.

(6) Oummings, B. F.—Proc. Zool. Soc. 1915, p. 245.

(7) Burmeister, H,—Gen. Rhynchota, No. 8, 1838.

(8) Oummings, B. F.—Bull. Ent. Res. iv., May 1913.

(9) Neumann, L. G.—Jahrbiicher des Nassauischen Yereins fUr

Naturkunde in "Wiesbaden, 62 Jahrg. 1909, p. 2.

(10) Giebel, 0. G.—-Insecta Epizoa, Leipzig, 1874.

(11) RuDOW, F.—Zeit. f. ges. Natnrw. vol. xxvii. 1866, p. 110.

(12) Gervais.—Hist. Ins. Apteres, vol. iii. p. 315, 1847.

(13) Taschenberg, O.—Nov. Act. Acad. Caes.-Leop. Carol.,

Bd. 44, No. 1, 1882.

(14) Neumann, L. G.—Arch, de Parasitologic, xv. 1913.

(15) Stobbe, R.—Deut. ent. Zeit., Heft v. p. 566, 1913.

(16) Oummings, B. F.—Ann. & Mag. Nat. Hist. 1916, Jan.

(17) Osborn, H.—Bull. 5, U.S., Div. of Entomology, U.S. Dept.

of Agricul., Washington, 1896.

(18) Osborn, B..~Ibid., Bull. 7, 1891.

(19) Kellogg, Y. L., & Ferris.—^Leland Stanford Junior

University Pub., Univ. Ser. 1915.

(20) Oummings, B. F.—Proc. Zool. Soc. 1913, p. 128.

(21) Denny, H.—Monographia Anoplurorum Britannise. London,

1842, p. 158.

(22) Kellogg, Y. L., & Paine.—Records of Indian Museum,
vol. X. pt. 4, No. 12, Aug. 1914, p. 227.

(23) Shipley, A. E.— Proc. Zool. Soc. 1909, p. 314.





THE SECRETARY ON ADDITIONS TO THE MENAGERIE. 297

EXHIBITIONS AND NOTICES.

February 8, 1916.

Prof. E. W. MacBride, D.Sc, F.R.S., Yice-Piesident,

in the Chair.

The Secretary read the following report on the Additions

to the Society's Menagerie during the months of November,
December, and January :

—

November.

The number of registered additions to the Society's Menagerie
during the month of November was 53. Of these 32 were
acquired by presentation, 16 were r-eceived on deposit, 3 in

exchange, 1 by pui-chase, and 1 was born in the Gardens.

The number of departures during the same period, by death

and removals, was 150.

Amongst the additions special attention may be directed

to:—
1 Leopard cub (Felis 'pardus), from Accra, presented by

Hugh M. Willoughby on November 12th.

1 Caracal [Felis caracal) and 1 Fettered Cat {F. ocreatus),

from Berbera, presented by Dr. R. E. Drake-Brockman, F.Z.S.,

on November 30th.

3 Lund's Opossums [Didelphys albiventris) and 1 Wied's
Opossum {D. aututa), from Minas Geraes, both new to the

Collection, presented by Prof. J. P. Hill, F.R.S., F.Z.S., on
November 6th.

1 Yellow-rumped Tanager (Ehaniphocoehis Icteronotus), from
Ecuador, new to the Collection, presented by Alfred Ezra, F.Z.S.,

on November 13th.

December.

The number of i"egistered additions to the Society's Menagerie
during the month of December was 107. Of these 68 were
acquired by presentation, 37 were received on deposit, and 2 in-

exchange.

The number of departures during the same period, by death

and removals, was 144.

Amongst the additions special attention may be directed

to:—
1 Eyra Cat (Felis eyra), 1 Salt-Desert Cat (F. salinarum),

and 1 Allamand's Grison (Grison allamandi). the last two new
to the Collection, from Cordova in the Argentine, presented by
W. A. Smithers, C.M.Z.S., on December 16th.

2 Mongolian Sousliks {Oitellus mongolwus) and 2 Sand-Ham-
sters (Cricettdus griseits), the latter new to the Collection, and
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3 Great Eagle Owls {Bubo htibo), from Mongolia, presented by
A. L. Hall on December 10th.

January.

The number of registered additions to the Society's Menagerie
during the month of Januaiy was 57. Of these 43 wei-e acquired

by presentation, 8 were received on deposit, 3 in exchange, and
3 were born in the Gardens.

The niTmber of departures during the same period, by death

and removals, was 123.

Amongst the additions special attention may be directed

to:—
1 Anoa [Anoa depressicornis) $ fi'om Celebes, and 1 Pei-e

David's Deer {Elaphttrus davklianus) 6 from Northern China,

presented by H.G. The Duke of Bedford, K.G., Pres.Z.S., on
January 20th and 26th.

2 Argentine Frogs {Leptodactylus mystachiMs) and 6 South-

American Sand-Toads {Bufo arenariiin) from Cordova-, Argentina,

new to the Collection, presented by Wilfred A. SmitherSj

C.M.Z.S., on January 31st.

Mr. R. E. Holding exhibited the skull of a Roebuck, showing
an unusual deviation in the direction of the suture of the right

frontal bone, which extended considerably beyond the median
line towards the left.

Mr. C. Tate Regan, M.A., F.Z.S., exhibited, by means of

lantern-slides, a series of drawings of larval Fishes from the

Antarctic.

The development of Myctophum antarcticum was compared
with that of the northern M. glaciale, and larval iSTototheniidee

were described.

A new Sable Antelope from Angola'^.

Mr. Oldfield Thomas, F.R.S., F.Z.S., exhibited the scalp and
frontlet, with horns, of a male Sable Antelope from the Luando
River, Angola, which had been presented to the National
Museum, together with a female mask and horns, by Mr. H.
F. Varian.

This magnificent animal differed widely from the ordinary

Sable, both by its immensely finer horns, and by the characters

* [The complete account of the new subspecies described in this communication
appears here ; but since the name and a preliminarj^ diagnosis were published in the
' Abstract,' No. 151, 1916, it is distinguished by the name being underlined.

—

Edixoe.]



NEW SABLE AXTELOPE FROM ANGOLA. 299

be
5C



300 ON A Ni;W SABLE ANTELOPE FROM ANGOLA.

of its face-marking, and Mr. Thomas proposed to distinguish it as

a new subspecies under the name of

HiPPOTRAGUS * NIGER VARIANT f.

Thomas, Abstract P. Z. S. 1916, p. 1 (Feb. 15th).

The horns of the type measured 57 inches (1445 mm.) in

length along the front curve, by 11 inches (280 mm.) in circum-

ference at the base, and 27 inches from tip to tip. Their trans-

verse ridges, which were extremely well marked, were 47 in

number. Good Rhodesian and Nyasa Sable horns were about
45 to 50 inches in length, while those of the East African Sa,ble

were not known to reach 40 inches. The female horns of

H. n. variani wei'e 35 inches (890 mm.) in length by 7 inches

(179 mm.) in circumference.

A skull of this form, which had been lent to Mr. Thomas for

comparison, measured 480 mm. in length, 170 mm. in breadth,

with an upper tooth-row of 122 mm., these dimensions in a skull

of the ordinary Sable being respectively 435, 160, and 114 mm.
But, apart from its splendid horns, the most striking character

of H. n. variani was the practically complete oblitei-ation of the

usual prominent white streaks running from the anteorbital

white tufts forwards to the sides of the muzzle, the whole of the

upper side of the face being therefore deep black, with the

exception of the anteorbital tufts themselves, which wei-e white

as usual. Along the ordinary positions of the white streaks a

few lighter hairs were perceptible, these being rather more
numerous in the female.

The dark parts of the head were of the deepest black, the

light parts bufi'y whitish or cream-colour, except the middle line

of the interramia, which was white. Occiput mixed black and
ferruginous-tawny. Ears, as usual, rich tawny outside, and
white within. The face of the female was blackish brown, and
the crown and occiput tawny.

It was with considerable hesitation that Mr. Thomas had only

distinguished this Sable as a subspecies, and not as a species, so

striking was the difference from ordinary Sables in both horns

and marking ; but the presence of light hairs along the usual

position of the facial streaks, and the fact that in H. n. kirkii

(figured by Matschie as B. n. kauffmanni), the nearest neighbour

of H. n. variani, the dark stripes were broader and the light

stripes nai-rower than in H. n. niger, showed that these mark-
ings were variable and plastic, and did not indicate any really

* This generic name was used provisioiiallj^ pending the decision of the authori-

ties as to the names suggested in 1914 for lixation hy Tiat. Should Sippotragtis
be rejected, the technical name of the genus would be still in doubt until the

question of the validity of Egocerus, Desm. 1822, nee Aegoceros, Pall. 1811, was
settled, a very knotty point. A law covering this latter case had been proposed by
the Linnean Society's Committee on Nomenclature in 1906, and submitted to the

International Congress, who, however, only accepted it as appb'ing to specific

names, a restriction much to be regretted.

t Type. Face, skin, and frontlet with horns. B.M. 16.2.21.1.
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essential difference, such as to rendex^ unlikely the possibility

that intermediates might yet be found.

To this subspecies there presumably belonged the well-known
61-inch horn in the Florence Museum, which had long been a

wonder to all sportsmen, who IimxI only had for comparison with
it the relatively short horns of U. n. niger, those of the E. African
JI. 11. roosevelti being still shorter.

Bocage's Hi2}j)otrayus niger, in his papers on Angolan Mam-
mals, was of course also H. n. 'oariani, but his only material was
a single pair of horns, 51 inches in length, brought home from
the " interior of Mossamedes*' by Welwitsch.

Mr. Yarian had taken great pains to secure specimens of this

animal, and to obtain information about its range, and it was
with much pleasure that Mr. Thomas had named it in his honour.
Mr. Yarian had also taken steps to induce the local authorities

to give it protection, which, in view of the considerable sums
given for such horns as it carried, would be much needed to save
it from extermination, now that its existence had become known
to sportsmen and hunters.

Judging by the greater length of the skull, it would, no doubt,

prove that H. n. imriani not only carried longer horns, but was
larger in all dimensions than the true Sable. It was hoped
that a complete specimen of this splendid addition to the list

of African Antelopes would soon be obtained for the National
Museum, whose warmest thanks were already due to Mr. Yarian
for the donation of the tine trophy now exhibited.

Antlers of a Virginian Deer affected hy Cancer.

Mr. R. I. PococK, F.R.S., F.Z.S., Curator of Mammals,
exhibited the successive Antlers of a Yirginian Deer {Odocoileus

americanihs) that had died of cancer in the Society's Gardens, and
made the following i"emarks :

—

"The male Yirginian Deer [Odocoileus americanus) referred to

in Prof. Plimmer's report (see p. 83, 16) as having died of cancer,

was purchased as a young animal on Jan. 17th, 1911, and died

Dec. 27th, 1915. The following accurate records of its successive

antlers were kept dining the five years that it lived in the
Gardens :

—

1. The first antlers, shed March 15th, 1912, were simple snags
about I inch in length.

2. The second antlers, shed March 23rd, 1913, measured
10^ inches along outer curve, were simply forked at the

tip ; the supernumerary tine on the back of the beam
measured just under 1|- inch, and the two antlers together
weighed 5^ oz.

3. The third antlers, shed March 24th, 1914, measured
9 inches, were simple, carrying no supplementary tine.

The two together weighed 4^ oz.
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4. The fourth antlers, shed March 15th, 1915, measured
7| inches ; the left antler was simple, the right was
forked, the supplementary tine measuring 1^ inches.

The two antlers together weighed 3| oz.

5. The fifth antlers, unburnished, were taken off the head of

the dead animal on Dec. 27th, 1915. The longer of the
two measured 8^ inches. The right was simple, the left

forked, the supplementary tine measuring | inch. The
two together weighed 3|^ oz.

Thus, although there was a great and, so far as I am aware,
normal increase in size of the second antlers as compared with
the first, the third, fourth, and fifth antlei-s showed no corre-

sponding elaboration, but, on the contrary, degeneration, the
third being shorter and lighter than the second, and producing
no tines. The fourth also Avere lighter and shorter than the
third. Nevertheless, the right one produced a supplementary
tine which, however, was shorter than the supplementary tines

of the second pair. The fifth antlers in the matter of length
showed a slight recovery as compared with the fourth, and the
two together acquired the same weight, but the supplementary
tine was still shorter, and the dried integument adhered to the
antlers instead of peeling ofi" and leaving them normally bur-
nished. Since, in Prof. Plimmer's opinion, the growth of the
cancer from which this Stag died was probably a gradual process
extending over a few years, it seems justifiable to infer, in the
absence of any other obvious cause to account for the fact, that
degeneration of the antlers was attributable to this disease. It

may be added that the testicles, which Prof. Plimmer particularly

examined at my request, were unafiected by the cancer, and were
normal except for the absence of ripe speimatozoa."

February 22, 1916.

Dr. A. Smith Woodward, F.R.S., Vice-President,

in the Chair.

The Rev. H. N'. Hutchinson, M.A., F.Z.S., exhibited a number
of drawings prepared by Mr. T. W. Parfitt of restorations of

vai'ious extinct animals.

Mr. C. Tate Regan, M.A., F.Z.S., gave a lantern-exhibition

illustrating the breeding-habits of a Siamese Fighting-Fish [Betta

splendens Regan) and the climbing-habits of a Cat-fish (Ai'ges

marmoratus Regan) from the Andes of Colombia.
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The Tympanic Bulla in Hycenas.

Mr. R. I. PocoCK, F.R.S., F.Z.S., Curator of Mammals, gave
an exhibition, illustrated by lantern-slides, to show the pi'esence

of two chambers in the tym^Dauic bulla of the Hytenidse, and
remarked :

—

" In his paper upon the base of the skull in the Fissipede

Carnivora (P. Z. S. 1869, pp. 4-37), Prof. Flower laid stress

upon the presence or absence of a bony partition dividing the
cavity of the tympanic bulla into two compartments in the
^^luroidea. Although on general grounds he followed Turner*
in classifying the Hysenas with the Felidae and Yivei-ridae, he
described the bulla of the Hysenas as ' perfectly simple within,

without trace of division into compartments' (p. 26). Subse-
quently, Mivart (P. Z. S. 1882, p. 199) wrote 'though there is

no septum, yet I have detected in both species oi'Hycena, inside

the auditory bulla, two osseous ridges or laminae, which, if

further developed, would divide off a small anterior chamber
from the much larger and externally more prominent posterior

portion.' These two papers appear to be the sources whence
subsequent authors, like Weber, Sedgwick, and others, have
derived their information ; Weber, following Mivart, described

the partition as low, and Sedgwick, following Flower, recorded it

as absent.

Both Flower and Mivart were quite mistaken ; the bulla in all

Hypenas is divided by a strong partition into a larger outer or
anterior and a smaller inner or posterior chamber.

It may be recalled that in the Felidfe and Viverridfe the
septum rises from the floor of the bulla and typically extends
upwards till it touches the periotic (petrous) bone. This par-
tition may arise just below the lower rim of the external auditory
meatus, or it may arise far away from that point. In the former
case the antero-external chamber is small, in the latter it is large

as compared with the postero-internal or posterior chamber ; but
the free edge of the partition always reaches, or is situated

close to, the same portion of the periotic, namely, the portion
which is pierced by the fenestra rotunda of the inner ear, and it

is always just at this point that there is a passage or orifice

between the two chambers.

The outer chamber is itself partially divided from the external
auditory meatus by a horseshoe-shaped ridge or crest, the
tympanic ring, which is well shown in Flower's figure of the
section of the bulla of the Tiger (text-fig. 1, B, tr.).

When the bulla of the inverted skull of the Hytena is opened

* P. Z. S. 1848, pp. 63-88. Flower's paper is little more than an amplification of
this valuable paper by Turner, so far as the Carnivora are concerned. It does not
seem, however, that Turner was acquainted with this partition, his mention of the
division of the bulla into two parts referring to the superficial groove marking the
position of the partition.
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anywhere between its anterior extremity and the paroccipital

process, it presents the appearances which misled Flower and

Text-fiii-ui-e 1. ,

pen

'I'P^

(Copied from Flower's figures, P. Z. S. 1869, pp. 16-17.)

A. Right half of the base of the skull of the Tiger (Felis tigris) with the bulla laid

open to expose the inner chamber (^c), with the septum or partition (s.)

ascending to the periotic {per.), and the orifice (o.) leading from the inner to

the outer chamber between the septum and the periotic ; e., internal orifice

of eu.stachian tube ; ov., foramen ovale ; fp., foramen lacerum posticum
;

po., paroccipital process ; m., mastoid ; earn., external auditory meatus.

B. Section of the auditorj' bulla of the Tiger, ic, inner chamber ; oc, outer

chamber with the orifice (o.) between the two and the septum (s.) dividing

them; tr., half the tympanic ring in the outer chamber; earn., external

auditory meatus ;
per., periotic.

Mivart. The greater part of the space is occnpied by a single

large cavity, which opens by a wide cleft in front into a smaller

Description of Text-figure 2 {continued).

C. Left bulla enlarged, with the posterior portion of the septum, marked s in fig. A,

cut away to show the cavity of the inner chamber and the antero-interual

portion of the bulla also cut away, and the carotid canal {c.) laid open ; the

passage leading from the outer to the inner chamber between the periotic

{per.) and the septum marked by an arrow. /., foramen piercing sphenoid

and corresponding with the anterior carotid foramen of Mongooses ; fp., fora-

men lacerum posticum. Other lettering as in figs. A & B.

D. Part of the right side of the skull viewed from the occipital aspect, with the

bulla laid open from behind to show the inner chamber with the periotic

{per.), carrying the fenestra rotunda, partially blocking the orifice between

the two chambers divided by the septum (s.). Other lettering as in fig. A.

E. Right bulla of the Spotted Hya;ua {Crocuta crocuta). A line drawn between

"the paroccipital process {po.) and the stylomastoid foramen {st.) would

mark the edge of the partition between the two chambers.
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Text-figure 2.
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hK '

tr.

earn.

earn.

earn.

D
A. Base of the skull of the Striped Hysna {Hycena liycena) with the left tympanic

bulla opened.
_
h., right tympanic bulla ; c, carotid canal, its course shown by

an arrow ; e., inner orifice of eustachian tube, the course of which is shown
by an arrow; earn., external auditory meatus ; s., partition or septum between
the two chambers ; tr., tympanic ring; st., stylomastoid foramen

; po., par-
occipital process ; in., mastoid ; ov., foramen ovale.

B. Anterior portion of left bulla enlarged and viewed obliquely from the inner side

to show that the crest mistaken bj' Mivart for a low septum is the tympanic
ring {tr.), with the internal auditory meatus {tarn.) ; ijer., periotic

; /;«., fora-

men lacerum medium, exaggerated in size.

Proc. Zool. Soc—1916, ^o. XX. 20
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cavity continuous with the eustachian tvibe and the external

auditoiy meatus. This cleft deeply notches the floor of the large

cavity, and the floor slopes backwards and upwards from the

cleft, through which a portion of the periotic is visible, to the par-

occipital process. The edges of the cleft are no doubt the ' two

osseous ridges or laminpe which, if further developed, would

divide off a small anterior chamber from the much larger ....

posterior portion,' described by Mivart. That is true ; but the

two chambers would not cori'espond to the two present in the

Tiger, for the outer of the two laminse is the tympanic ring, and

is therefore not the homologue of the partition dividing the

Tiger's bulla, as Mivart supposed. The ' small anterior chamber '

of the bulla, which is exceptionally large in the Hyaenas, is

merely the anterior part of the tympanic chamber.

Whether Flower correctly interpreted this lamina as the

tympanic ring or not, does not appear ; but he may be given the

benefit of the doubt. Nevertheless, both he and Mivart failed

to detect that where the apparent floor—or roof, if the skull be

held in its normal position^of the bulla abuts against the

periotic, there is quite a distinct orifice through which a probe

can be passed backwards into a second chamber lying behind and

below the apparent floor of the bulla. This chamber can be laid

open by cutting away the paroccipital bone externally to the

occipital condyle. It will then be seen quite clearly that the

bony plate, regarded by Flower and Mivart as the floor (or roof)

of the bulla, is, in reality, a partition dividing the bulla into two

chambers, and passing from the periphery of the cavity of the

bulla to the periotic, exactly as is the case in the Tiger, allowance

being made for the origin of the partition much farther back

thanin that Feline. It is not, however, much farther back than

in some other ^luroids, e. g., Cynictis.

Nevertheless, it is not certain, in my opinion, that the par-

tition in the Hysenas is the exact homologue of that of the Cats.

The inner wall of the posterior chamber of the bulla in -^luroidea

is often strengthened by bony crests or ridges of varying height,

and one such crest, curving round the back of the chamber and

occupying the position of the partition, where it rises from the

bulla near the paroccipital, in Hyaena, is present in two immature

skulls of Proteles, in addition to the normal vertical partition

which in these specimens is thin and imperfectly ossified or fene-

strated. The interest of this fact lies in the circumstance that

Proteles in several of its cranial characters occupies a position

midway between Hycnia and the Mungotinse. Hence it is possible

that in Hycena the normal partition has been replaced by a

secondary partition of stronger, growth. However that may be,

it is quite clear that the bulla of HycBna can no longer be

described as undivided.

Two other points of systematic importance may be alluded to :

the bulla in Hysenas is fused anteriorly to the basisphenoid, as
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in the Cats, and beneath its anterior end, and concealed by it,

there is a foramen j^iercing the sphenoid and remote from
the foramen lacerum medium. This sphenoidal foramen seems
to correspond exactly with the exposed foramen by which the
internal carotid artery in the Mongooses enters the skull,

after traversing the bulla. In the Hysenas, nevertheless, this
artery is said by Mivart to enter the skull by the foramen
lacerum medium, the existence of a carotid foramen in the
sphenoid being denied by that author. The foramen, never-
theless, persists, as it does in Proteles, whether the carotid enters
it or not."

March 7, 1916.

The Marquess of Sligo, Vice-President,

in the Chair.

Mr. Harry K. Eustace gave a bioscope exhibition of films

illustrating his experiences as a big-game hunter and cinemato-
grapher in East Africa, showing the natives and the characteristic

animals of that country in their natural state.
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February 8th, 1916.

Prof. E. W. MacBridb, D.Sc, F.R.S., Vice-President,

in the Chair.

The Minutes of the last Scientific Meeting were confirmed.

The Secretary read a Report on the Additions to the Society's

Menaoerie during the months of November and December, 1915,

and January 1916.

Mr. R. E. Holding exhibited the skull of a Roebuck, showing

an unusual deviation in the direction of the suture of the right

frontal bone, which extended considerably beyond the median

line towards the left.

Mr. Oldfield Thomas, F.R.S., F.Z.S., exhibited the scalp and

frontlet with horns of a male Sable Antelope from the Luando

River, Angola, which had been presented to the National

Museum by Mr. H. F. Varian, together with a female mask and

horns.

This magnificent animal difi'ered widely from the ordinary

Sable both by its far finer horns and by the character of its face-

markings, and Mr. Thomas proposed to distinguish it as a new

subspecies under the name of EipiMragus niger variani.

The horns of the type measured 57 inches in length along the

front curve, by 11 inches in circumference at the base, and had

* This Abstract is published by the Society at its offices, Zoological Gardens,

Eegenfs Park, N.W., ou the Tuesday following the date of Meeting to which

it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Pubhcations ;
but it may be obtained on tlie

day of publication at the price of Suijmice, or, if desired, sent post-free for

the sum of •'Six Shdlvigt: per annum, payable in advance.



47 transverse ridges upon them. Good South African and
Nyasa Sable horns were ordinarily about 45 to 50 inches in

length, while those of the East African Sable were not known
to reach 40 inches. The female horns of H. n. variani were
35 inches long.

In colour the face of the new form diflered conspicuously by
the almost complete obliteration of the usual prominent white
streaks rvmning from the anteorbital white tufts forwards to the

sides of the muzzle, the whole of the upper side of the face being
therefore deep black, with the exception of the anteorbital tufts

themselves, which were white as usual. In both male and
female a few odd light hairs alone indicated the ordinary position

of the streaks.

The type-specimen would be registered as B.M, No, 16,2,21.1.

Mr. 0. Tate Regan, M;A., F.Z.S., exhibited, by means of

lantern-slides^ a series of drawings of larval Fishes from the

Antarctic.

The development of Myctophum antarcticuvi was compared
with that of the northern M. glacicde and larval Nototheniidse

were described.

Mr. R. I. PocoCK, F.R.S., F.Z.S., Curator of Mammals,
exhibited the successive Antlers of a Virginian Deer {Odocoileus

cmiericanus) that had died of cancer in the Society's Gardens, and
attributed the degeneration shown to this disease.

Prof. H. G. Plimmer, F.R S., F.Z.S., Pathologist to the Society,

read his Report on the Deaths, which occurred in the Society's

Gardens during 1915, and on the Blood-parasites found during

the same period.

Prof. E. B. PouLTON, M.A., F.R.S., F.Z.S., presented a paper

on a collection of Moths made in Somaliland by Mr. W. Feather,

containing descriptions of ten new genera and a large number of

new species by Sir George F. Hampson, Bt., F.Z.S., and others.

The next Meeting of the Society for Scientific Business will

be held on Tuesday, February 22nd, 1916, at half-past Five
o'clock P.M., when the followina; communications will be made :

—
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The Bev. H. N. Hutchinson, B.A., F.Z.S .

Exhibition of drawings of Extinct Animals.

R. I. PococK, F.R.S., F.Z.S.

Exhibition to illustrate the structure of the Tympanic Bulla
in Hyaenas.

C. Tate Regan, M.A., F.Z.S.

Lantern exhibition of the nest of a Fighting Fish and the
climbing habits of a Catfish.

Bruce F. Oummings.

Studies on the Anoplura and Mallophaga, being a Report
upon a Collection from the Society's Gardens.—Part I.

P. Chalmers Mitchell, M.A., D.Sc, F.R.S., F.Z.S.

Further Observations on the Intestinal Tract of Mammals.

The following Papers have been received :

—

G. A. Boulenger, F.R.S., F.Z.S.

1. On the Lizards allied to Lacerta muralis, with an Account
of Lacerta agilis and L. parva.

2. On Specimens of the Bolti, Tilapia nilotica, a Teleostean

Fish with increased number of Anal Spines.

Major R. Meinertzhaqen, F.Z.S.

Notes on the Sitatunga or Marsh-Antelope of the Sesse

Islands.

T. GOODEY, D.Sc .

Observations on the Cytology of Flagellates and Amoebfe
obtained from old stored Soil.

Robert Gurney, M.A., F.Z.S.

On some fresh-water Entomostraca from Ceylon.

The Publication Committee desire to call the attention of

those who propose to ofi'er Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited so far as possible to the description of new results.
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Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, JST.W.

Fehvuary 15th, 1916.
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Dr, A. Smith Woodward, F.R.S., Vice-President,

in tlie Chair.

Tlie ]\[inutes of tlie last Scientific Meeting wei^e confii'med.

The Rev. H. IST. Hutchinson, B.A., F.Z.S., exhibited a number
of drawings prepared by Mr. T. W. Parfitt of restorations of

various extinct animals.

Mr. C. Tate Regan, M.A., F.Z.S., gave a lantern -exhibition

illustrating the breeding-habits of a Siamese Fighting-Fish

(Betia splendeits Regan) and the climbing-habits of a Oat-fish

(Arges marmoratus Regan) from the Andes of Colombia.

Mr. R. I. PococK, F.R.S., F.Z.S., Curator of Mammals, gave
an exhibition, illustrated by lantern-slides, to show the structure

of the tympanic bulla in the Hysenas, and pointed out that both

Flower and Mivart were wrong in stating that tlie Hyaenas
differ from the Felidee, Viverridse, and Protelidse, in having the

cavity of the bulla undivided by a bony septum. The septum,

which those authors mistook for the roof of the bulla, runs from
the back of the bulla, where it abuts against the paroccipital,

obliquely upwards and forwards to the periotic, and divides the

cavity of the btilla into an anterior larger and a posterior smaller

chamber. The Hygenas thus agree with the other families of

^luroid Carnivores in havino- the bulla diAaded.

* This Abstract is published by the Society at its ofBces, Zoolog-ieal Gardens,

Regent's Park, N.W., on tlie Tuesday following the date of Meeting to which

it refers. It will be issued, along with the 'Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; bntit may be obtained on the

day of publication at the price of Six2}ence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.



Mr. Bruce F. Oummings read a paper containing the fii-st part

of a report on a collection of Anoplura and Mallophaga obtained

from animals in the Society's Gardens. He dealt with the

structure and development of the various species, and gave

descriptions of three new forms.

Dr. P. Chalmers Mitchell, M.A., F.R.S., F.Z.S., Secretary to

the Society, gave an account of his paper entitled " Further

Observations on the Intestinal Tract of Mammals," illustrating

his remarks with a large series of lantern-slides.

The next Meeting of the Society for Scientific Business will be

held on Tuesday, March 7th, 1916, at half-past Five o'clock p.m.,

when the following communication will be made :

—

CINEMATOGEAPH EXHIBITION.

The Secretary has been able to arrange with Mr. Harry K.

Eustace, Big Game Hunter and Oinematographer, to give an

exhibition of his films of African Animals at this Meeting.

The Papers previously announced for reading at this Meeting

are postponed.

The following Papers have been received :

—

B. I. PococK, F.R.S., F.L.S., F.Z.S.

Lantern-exhibition to show structure of the Alisphenoid

Canal in some Civets and Hysenas.

Major R. Meinertzhagen, F.Z.S.

Notes on the Sitatunga or Marsh-Antelope of the Sesse

Islands.

G. A. BouLENGER, F.R.S., F.Z.S.

1. On Specimens of the Perciform Fish, Tilapia nilotica,

with Increased Number of Anal Spines.

2. On the Lizards allied to Lacerta muralis, with an Account

of Lacerta agilis and L. parva.



T. GOODEY, D.Sc .

Observations on the Cytology of Flagellates and Amcebse

obtained from old stored Soil.

Robert Gurnet, M.A., F.Z.S.

On some Fresh-water Entomostraca from Ceylon.

R. I. PococK, F.R.S., F.L.S., F.Z.S.

On the External Characters of the Mongooses (Mungotidse).

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,

Zoological Society op London,

Regent's Park, London, N.W.

Fehriu(,ry2%th, 1916.
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March 7th, 1916.

The Marquess of Sligo, Yice-President,

in tlie Chair.

J *

The Minutes of tlie last Scientific Meeting -were confirmed.

Mr. Harry K. Eustace gave a bioscope exhibition of his fihns

illustrating his experiences as a big-game hunter and cinemato-

grapher in East Africa, showing the natives and the characteristic

animals of that coTuitrj in their natural state.

The next Meeting of the Society for Scientific Business will be

held on Tuesday, March 21st, 1916, at half-past Five o'clock p.m.,

when the following communications will be made :

—

* This Abstract is publisliecl by the Society at its offices, Zoological Gardens,

Eegent's Pai-b, N.W,, on the Tiiesclay following the date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to tlie Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.
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J. T. GUNNINQHAM, M.A., F.Z.S .

Exhibition of skins illustrating results of Mendelian Cross

in Fowls.

R. I. PococK, F.R.S., F.L.S., F.Z.S.

Lantern-exhibition to show structure of the Alisphenoid
Canal in some Civets and Hyjenas.

T. GOODEY, D.Sc.

Observations on the Cytology of Flagellates and Amoebae
obtained from old stored Soil.

Major R. Meinertzhagen, F.Z.S.

Notes on the Sitatunga or Marsh-Antelope of the Sesse

Islands.

The following papers have been received :

—

G. A. BouLENGER, F.R.S., F.Z.S .

1. On Specimens of the Perciform Fish, Tilapia nilotica,

with Increased Number of Anal Spines.

2. On the Lizards allied to Lacerta onurcdis.

Robert Gurney, M.A., F.Z.S.

On some Fresh-water Entomostraca from Ceylon.

R. I. PococK, F.R.S., F.L.S., F.Z.S.

On the External Characters of the Mongooses (Mungotida?).

Dr. H. MuiR Evans.

The Poison-Organ of the Sting-Ray {Trygon pastinacci).

Dr. J. C. MOTTRAM.

1. Methods of estimating the Size of Fish from the Size of

their Scales.

2. Experimental Determination of the Factors which cause

Patterns to appear conspicuous in Nature.
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The Publication Committee desire to call the attention of

those who propose to offer Papers- to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Pabk, London, N.W.
March Uth, 1916.
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March 21st, 1916.

Dr. S. F. Harmer, F.R.S., Vice-President,

in the Chair.

The Minutes of the last Scientific Meeting were confirmed.

The Secretary read a Report on the Additions made to the
Society's Menagerie during the month of February 1916,

Mr. E. T. Newton, F.R.S.j'F.Z.S., exhibited the pelt and bones
of a Black Hare, for which he was under obligation to Mr. G. F.

Brooke of Leadenhall Market, who had received it with a large

consignment of Brown Hares from Siberia ; but, unfortunately,

the locality was not known. This hare is of small size and with
short rabbit-like ears. The head and back are black excepting

only a small white spot on the forehead ; and towards the sides

there ai'e numerous long hairs with white tips. Lower down
upon the sides the fur becomes tawny and passes into white
imderneath. All the feet, but especially the hinder ones, have
light bi-own hair up the upper parts.

The skull and limb bones show characters agreeing with those

of the hare ; but in size the animal was intermediate between
our common hare and the rabbit.

Mr. D. M. S. Watson, F.Z.S., gave an account of some obser-

vations he had made on the habits and life-history of Platypus
and Echidna.

* This Abstract is published by the Society at its offices, Zoological Gardens,
Regent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on
the day of publication at the price of Sixjyence. or, if desired, sent post-free

for the sum of Sir Shillings per aniuun, payable iu advance.
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Mr. R. I. PococK, F.R.S., F.Z.S., Curator of Mammals, gave
an exhibition, illustrated by lantern-slides, to show some points

connected with the alisphenoid canal in the Viverridse and
Hysenidse, and demonstrated : (1) that the canal is always present

in Viverricula, its occasional apparent absence in that animal
being due to the closure of its posterior orifice near the foratyien
rotundum, which opens into the posterior end of the canal

;

(2) that the canal may be complete in Crocuta, as Cuvier stated,

or may be closed at its posterior end.

Dr. T. GooDEY read a paper entitled " Observations on the
Cytology of Flagellates and Amoebee obtained from old stored

Soil." This paper deals with the cytology and nuclear changes
during division of three species of Flagellates and two species of

Amoebse obtained from soil stored in bottles at the Rothamsted
Laboratory for practically fifty years. One of the Flagellates and
the two Amoebse are new to science.

The next Meeting of the Society for Scientific Business will be
held on Tuesday, April 4th, 1916, at half-past Five o'clock p.m.,

when the following communications will be made :

—

D. Seth-Smith, F.Z.S.

Exhibition of a small Intensive Poultry House.

Prof. J. P. Hill, D.Sc, F.R.S., F.Z.S.

Exhibition of living Csecilians from Sovith America.

G. A. BouLENGER, F.R.S., F.Z.S.

1. On Specimens of the Perciform Fish, Tilapia nilotica,

with Increased Number of Anal Spines.

2. On the Lizards allied to Lacerta mm'alis, with an Account
of Lacerta agilis and L. 'parva.
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Robert Gurney, M.A., F.Z.S.

On some Fresh-water Entomostraca from Ceylon.

Major R. Meinertzhagen, F.Z.S.

Notes on the Sitatunga or Marsh-Ante!ope of the Sess

Islands.

The following Papers have been received :

—

R. I. PococK, F.R.S., F L.S., F.Z.S.

On the External Characters of the Mongooses (Mungotidse).

Major H. Muir Evans, M.D., R.A.M.C.

The Poison-Organ of the Sting-Ray [Tri/gon pastinaca).

Dr. J. C. MOTTRAM.

An Experimental Determination of the Factors which cause

Patterns to appear conspicuous in Nature.

The Publication Committee desire to call the attention of

those who propose to oflfer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the pi^esent that papers should be condensed, and
be limited so far as possible to the description of new i-esults.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretari/.

Zoological Society of London,

Regent's Park, London, N.W,
JIarch 28th, 1916.
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PAPERS.

8. Observations on the Cytology of Flagellates and

Aaioebse obtained from old Stored Soil. By T.

GoODEY, D.Sc.*, Protozoologist, Research Laboratory

in Agricultural Zoology, University of Birmingham.
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Introduction.

Within the last few years a good deal of attention has been
paid to soil-protozoa, owing to the important function ascribed to

them by Russell and Hutchinson f in their hypothesis advanced
to account for the changes observed on partially sterilising soil.

According to these investigators, soil-protozoa act as a factor

limiting bacterial activity, and so prevent a normal soil from
attaining its full fertility.

It is of importance, therefore, that we should ascertain what
kinds of protozoa are present in the soil and as much as possible

* Communicated by Prof. P. W. Gamble, P.R.S., F.Z.S.

t Russell and Hutchinson, Journ. Agric. Sci. vol. iii. pt. xi. (1909), and vol v
pt. xi. (1913).

Proc. Zool. Soc—1916, No. XXI. 21
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of their life-histoi'ies ; also whether they are forms capable of

consuming bacteria, and thus able to function as a limiting factor

on soil- bacteria.

One of the chief methods by which soil-protozoa can be

studied is examination in cultures made in suitable media ; and

although it has recently been claimed * that tlie cultural forms

are not necessarily those occurring in a trophic condition in

the soil, and may not therefore be concerned iji the biological

changes of the soil, yet I have quite recently obtained some experi-

mental i^esults which point most positively to the cultural protozoa,

especially amo?bfe, acting as a check to the increase of bacterial

numbei'S. I hope to publish an account of this work shoitly. In

the present paper an account is given of a few forms of flagellates

and amoeba? which were obtained culturally from some old soils

stored at Kothamsted Experiment;il Station, together with some
observations on their cytology and methods of division. The
protozoan fauna of these soils was a limited one when compared

with that of an ordinary garden or iield-soil, and for this leason

presented a suitable field for working out the difteient organisms

in detail.

In a recent number of ' The Annals of Applied Biology ' I have

recorded the culture of amceb* and flagellates from soil bottled

so far back as 1865 and left untouched since then ; thus proving

the survival of protozoa, no doubt in an encysted condition, for a

period of 49 years. It was my intention at the outset of the work

merely to obtain an idea of the character of the protozoan fauna

surviving in the different soils examined. In order to do this,

and to determine as nearly as possible the different species which

cropped up, it Avas necessary to make a number of permanent

stained preparations and to study these in considerable detail.

As a result of these observations, I have obtained a number of

interesting facts on the cytology, mode of nuclear division, etc., in

several of the forms examined.

The samples of soil tested for protozoa were taken from bottles

of soil obtained originally from five of the fields under experi-

mental cultivation at Rothamsted. These were : Bi'oadbalk soil

bottled in 1865, Geescroft soil bottled in 1865, Agdell soil bottled

in 1867, Hoosfield soil bottled in 1868, and Barntield soil bottled

in 1870.

Methods.

As a culture medium, saline egg-albumen was used and found

very serviceable. A small quantity of soil was placed in this

medium, contained in a circular flat-bottomed glass dish furnished

Avith a close-fitting flat lid. This Avas then put into an incubator

at 22° C, or left at room-temperature. After a fcAv days, micro-

scopic examination of the culture revealed actiA^e protozoa. These

Avere frequently found on the surface or at the bottom of the

* Russell, E. J., " Soil Protozoa and Soil Bacteria." Proc. Ko}-. Soc. B, vol. Ixxxix.

p. 76 (191-5).
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liquid
; and in order to obtain these forms, coverslips were floated

on the surface and placed on the bottom. In other cases the vatt

majority of the organisms occurred about midway in the depth of

the culture, and in order to obtain coverslip-preparations of these

I drew out small quantities of the culture where the protozoa were
thickest by means of a fine pipette, and then made smears with
the liquid. As a rule, three cultures were made from each soil,

in order to obtain a representative fauna, and the cultuies were
examined for several days to note sluj succession of forms. Cover-
slip-preparations were fixed in Maier"s solution or in Bouin's
fixative, and iron-htematoxylin was used as the stain throughout

;

occasionally preparations were counteistained with lichtgriin-

picric.

I propose in the following pages to deal with the protozoa

encountered imder the heading of the group to which they belong,

mentioning the particular soil or soils from which they wei-e

taken.

A. Flagellata.

(1) Prowazekia (Bodo) salta>s Ebrbg. (PI. I.)

In one of my cultures of Barnfield 1870 soil a very small

jumping flagellate occurred in abundance at the bottom of the
liquid. It appeared somewhat bean-shaped when seen under a
low power, and I at once concluded that it was Bodo saltans. A
coverslip-preparation was made, and on it I obtained many
dividing organisms, from a study of which I have been able to

work out fairly completely the process of nuclear division. I will

describe the structure of a normal organism, and then deal with

the question of identification and nomenclature.

(a) Structure.

The body is somewhat bean-shaped and is oval or round in

cross-section. Been from the ventral aspect

—

i. e. the side on which
the flagella arise (fig. 1)—the anterior end appears flattened and
is turned towards the left, where it terminates in an almost

straight edge. This anterior portion of the organism is really an
extension of the dorsal region, and is separated on the vential

surface from the main part of the body by a considerable depres-

sion, in which the mouth is situated. Fig. 2 shows a side-view

and the relations of the anterior end to the depression, etc.

The trophonucleus is generally found towards the left side of

the body when the organism is viewed from the ventral surface.

It consists of a central deeply staining karyosome, which is con-

nected witli the nuclear membrane by means of sti-ands which
stretch across the extra-karyosomic zone; and at their insei'tion

on the membrane produce slight thickenings.

The kinetonucleus is an irregular granular mass, often some-

what triangular in outline, and, on the whole, stains less intensel v

21*
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than the kaiyosome of the trophonucleus. It has no nuclear

membrane and is situated towards the ventral surface, close to

the upper end of the mouth-depression. Its position can readily

be made out in figs. 1 & 2.

The two flagella arise close to the anterior surface of the

kinetonucleus from very indistinct blepharoplasts. The anterior

flagellum is the shorter of the two, the posterior one being two
or two and a half times its length. The organism ingests bacteria,

which no doubt serve as a source of food, for the protoplast is

often packed with cocci and other small forms of bacteria.

(b) Reproduction.

The first indication of approaching division which I have been
able to find is the doubling of the anterior flagellum (fig. 4). At
this stage no change is visible in the appearance of the nuclei. I

am unable to say how the flagella become duplicated, but, judging
from the fact that 1 have found no organisms showing protrusions

like flagellar buds, and also that when the flagella become doubled

the members of each pair are equal in length, I am inclined to

the view that the original flagella split longitudinally.

The posterior flagellum becomes doubled later than the anterior

one, and at this time the trophonucleus shows a marked change
in appearance. The karyosome becomes much reduced in volume
and divides into two equal parts, whilst at the same time the con-

necting strands between it and the nuclear membrane disapjjear.

The nucleus elongates a little and stains rather more deeply,

doubtless owing to the liberation of a chromatinic substance from
the karyosome (figs. 5 & 6). Irregular gi-anules of chromatin now
appear at the periphery of the nvicleus as the result of further

fragmentation of the karyosome, and become concentrated towards

the equatoi'ial region. This particular stage is veiy difficult to

determine, and I cannot say whether an equatorial plate is pro-

duced. So far as I can ma.ke out, there is merely an aggregation

of chromatin granules on the surface of the nucleus in this region.

These granules finally concentrate into four principal larger ones,

which are arranged in two pairs. The stage figured on fig. 9 shows
them apparently connected by two crossing strands. The nucleus

ijow elongates, each end being somewhat pointed, and each pair

of granules becomes drawn towards opposite ends of the nucleus.

These stages are shown in figs. 10, 11, & 12. Soon after this a

constriction appears in the middle of the nucleus, which now
becomes rather dumb-bell-shaped (fig. 15). At about the same
time, or even earlier, the four granules of chromatin begin to

show signs of breaking down, and also stain less intensely

(figs. 13-16). The constriction at the centre of the nucleus

becomes carried still further, until two triangular daughter-

nuclei are formed, each of which contains rather faintly staining

chromatin granules. I have found it impossible to trace the

later stages in the reoi'ganisation of the daughtei-nuclei, owing
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to the fact that the flagellates are almost always crowded with

deeply staining bacteria which obscure the nuclear elements.

The next stage of the trophonucleus which I have certainly made
out, is that in the daughter-organisms where the granules have

become concentrated again into a central karyosome separated

from the nuclear membrane by a clear zone (fig. 21). Whilst
the above changes are proceeding, the kinetonucleus undergoes
certain altei'ations. It increases in volume, and may either be

triangular or rhomboidal in outline. One pair of flagella moves
to either side of it, and at these points the kinetonucleus

becomes somewhat drawn out. Soon after the formation of

da,ughter-trophonuclei has taken place, the kinetonucleus elon-

gates considerably, so that the paii'S of flagella are cai-ried farther

apart. This elongation is carried on until a fairly long band of

kinetonuclear material is produced, which flnally separates into

two portions—the daughter-kinetonuclei. I have not found the

stages showing the constriction and division of the kinetonucleus,

but there can be no doubt, I think, that the process is simple and
direct.

Concurrently with the elongation of the kinetonucleus, the

body of the flagellate becomes oval and then grows laterall}^, so

that the longer axis of the body is that running from side to side,

not antero-posteriorly. Division of the body is initiated by the

formation of a constriction on the now shorter axis of the body,

and becomes more and more pronounced until the two daughter-

organisms are connected only by a, short narrow strand of proto-

plasm. This finally breaks, and the two small organisms are

produced. Division thus takes place along the antero-posterior

axis of the body, and is therefore longitudinal.

- (c) Systematic Position.

Because of the rapid spasmodic jumping motion exhibited by

this organism in life, the name saltans is eminently applicable to

it. From its general shape also, and the presence of two flagella,

the posterior one being longer than the anterior, it easily fits into

the genus Bodo. The difficult point to determine, however, is

whether it should be classified as a Bodo or as a Proivazekia, for it

possesses a kinetonucleus.

AlexeiefF ('11 k '12) is of the opinion that all the species of

Bodo possess a kinetonucleus, and holds that the genus Pro^wt^eZ;/*

is uiitenable. According to this author, my organism should go in

the genus Bodo. I am not convinced, however, that his assertion

concerning the presence of a kinetonucleus in Bodo is correct, for

I have obtained a bimastigote form having the anterior flagellum

shorter than the posterior one in which there is certainly no kineto-

nucleus, and which undoubtedly belongs to the genus Bodo. I

therefore propose to place my organism in the genus Prowazelcia.

At the same time, however, I insert the name Bodo in In-ackets,

because I think this form is identical with Bodo saltans. Alexeieff
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('11) gives the dimensions of Bodo saltans as 6-10 p in lengtli by
3-5 fx in breadth. My organism is much smaller than this,

measuring from 5-6 yu in length by 2*5-4
fx in breadth. In this

respect it comes nearest to Bodo miimmos Klebs, which is from
4-5 /x in length and is considered to be one of the smallest

flagellates. The latter form, according to its origina,l describer,

is changeable in shape and has a creeping movement. My
organism is very constant in shape, and always moves in i-apid

jumps followed by intervals of rest. There can be no doubt, then,

that its specific name should be saltans.

Alexeieff ('11, p. 508) says that, without a doubt, Bodo saltans is

the same organism sls ProtvazeJcia parva described by Ntigler ("10).

The latter organism differs considerably from that described above
in several respects. Its protoplast is labile and takes on a gi'eat

variety of shapes, whereas my organism is constantly bean-sliaped.

The method of division in both the tropho- and kinetonucleus is

quite different from that described above. There is no frag-

mentation of the karyosome of the trophonucleus with the
ultimate formation of four chromatin granules or' chi'omosomes,

but merely an equal division of the karyosome by promitosis, a

centriole and a centrodesmose taking part in the process. The
kinetonucleus divides in a similar manner. It is obvious, there-

fore, that Nagler's organism is a species distinct from mine, and
his name ProivazeJcia parva should be allowed to remain.
Among the descriptions of members of the genus ProioazeMa

by Hartmann & Ohagas ('10), Niigler ('11), Mathis & Leger ('10),

Withmore ('H), Martin ('13), and Belai- ('14), the division of the

trophonucleus of Prowazekia asiatica by Withmore comes nearest

to that which I have given in the foregoing account. His figs. 18

and 19 show the presence of four principal chromosomes in the
dividing nucleus, which, however, diflTers considerably in its

earlier division stages from those observed in my organism.

(2) Tetramitus spiralis, sp. n. (Pis. II., III., figs. 23-45.)

(a) Structure.

This interesting organism occurred in cultures from three

different soils, viz. : Agdell 1867, Broadbalk 1865, and Barn-
field 1870. I have been fortunate in obtaining it in large

lunnbei's, and have been able to make out most of the details

of its structure and mode of division. I have not, however,
observed it in the encysted condition, although I kept my
cultures for a long time and had the organisms under close

observation in hanging drops. I will first describe its structure

and movements, and then deal with the process of reproduction.

In the majority of cases the body is pyriform in shape, having
its extreme anterior end somewhat pointed. It may, however,
become nuich elongated, and then appears more cylindrical.

A groove runs spirally from the anterior to the posterior end



SOIL PROTOZOA. 315

of the body. Seen from the ventral aspect

—

i. e., from the side

on which the flagella arise (text-fig. 1)—the groove proceeds from
I'ight to left, and then curves round to the dorsal surface and
reaches the posterior end of the body. If the body is of normal
length there is only this one turn in the spiral, but if the

organism is elongated there may be two turns. The accom-
panying text-figure, drawn from a specimen immediately after

killing with osmic-acid vapour, shows the shape of the organism,

the position of the groove, and the disposition of the flagella.

The latter aie arranged in two pairs—a shorter anterior pair and
a longei' postei'ior pair. The a,nterior pair is direc^d forwards
dui'ing motion and the posterior pair is trailed backwards.

Text figure 1.

Tetramitus spiralis.

Outline drawing as seen in ventral view, showing tlie relations of tlie groove ((?.)•

The members of each pair are frequently very closely applied,

and often appear as one thick flagellum. When in active

movement, which is caused by the lashing of the anterior pair

of flagella, the organism progi-esses very rapidly and rotates on
its long axis. The posterior pair of flagella appears to lie

within the groove and extends beyond the posterior end of the

organism, which swings from side to side of the line of motion
owing to the rapidity of progression. The mouth is very

difficult to locate, being ill-defined, but in certain examples I

have made out its position a short distance from the anterior

end as a depression in the groove. Bacteria are ingested and no
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doubt serve as a source of food. There does not appear to be a
contractile vacuole. The body measures from 8-12 jj. in length.

Fixed and stained material shows that the protoplasm is

alveolar in structure, and that the nucleus is situated at the
anterior end of the body, as in Trichomonas and Trichoniastix and
similar forms. The nucleus is a vesicular structure of variable
size, but often of quite large dimensions. There is no central

karyosome, but the chromatin is disposed irregularly in two or
more masses. Very frequently there are two semilunar blocks
of chromatin situated on either side or on the anterior and
posterior tafcrders of the nucleus. It will be seen from the
iigures in what an irregular fashion the chromatin is arranged.
The fiagella arise from blepharoplasts placed just anteriorly to

the nucleus. They are four in number and, as stated above, are
disposed in two pairs. Thej^ take their origin in four blepharo-
plasts, which when seen in side view (fig. 25) appear as two large

granules in contact with each other, but when seen in face view
are easily recognisable as being a group of four distinct granules
in intimate contact (figs. 26 & 27). The posterior pair of granules
is connected with the nucleus by means of two rhizoplasts,

which appear as one short rod in fig. 25 but are well shown
in the ventral view obtained in fig. 26. I made a very careful

examination of this region, in order to determine if rhizoplasts

were present connecting the anterior pair of blepharoplasts

with the nucleus, and I am satisfied that the pair connecting the
posterior blepharoplasts is the only one.

(b) Reproduction.

I will deal first with the multiplication of the fiagella, because
this always occurs prior to the division of the nucleus. The new
fiagella are produced by outgrowths from the body of the organism,
and not by splitting of the old fiagella. In this it resembles Copro-
7nonas, Trichomonas, and many other flagellates. The process is

initiated by the growth in an anteidor direction of each pair of

blepharoplasts : a point very difiicult to make out in many of the
organisms, but well shown in other cases, one of which is repre-

sented in fig. 27. The flagellar buds arise as delicate hair-like

outgrowths from the developing buds of the blepharoplasts. Each
pair of flagella has thus a new pair of fiagella produced imme-
diately anterior to it. The new ones do not stain so deeply as

the old fiagella, as will be seen from the figures representing

different stages of the division of the nucleus. In this way the
original posterior pair acquires a, new anterior pair, and the original

anterior pair grows longer and becomes the posterior pair of one of

the daughter-organisms, at the same time acquiring a new anterior

pair. The four pairs of fiagella thus produced gradually sepai'ate

into two sets of two pairs, which finally come to take up positions

at either end of the anterior face of the nucleus; but this migra-
tion takes place at different peiiods dining the progress of nuclear
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division. For example, fig. 28 shows an organism in which the
flagella are widely separated, although the nucleus shows no sign
of approaching division. I am unable to state the fate of the pair
of rhizoplasts.

In the earliest stages in the division of the nucleus the
chromatin seems to undergo some process of dissolution and re-

organisation whereby certain parts of it, which stain less intensely
than the rest, gradually come towards the centre of the nucleus.
These take the form of roundish or irregular granules which,
at the stage shown in fig. 31, appear to be arranged in a fairly

regular manner on a kind of leticulum or network of linin

threads. Whilst these changes are taking place, the remainder
of the chromatin, having deeply staining properties, becomes
arranged in the form of a ring round the periphery of the
nucleus. This does not always happen in the very early stages,

however, as is shown in fig. 33, where the deeply staining
chromatin is still present as tliree blocks, whilst at the centre of

the nucleus there is a group of lighter granules. The changes
which occur in the lighter staining gi'anules are very diificiilt to

make out, but it seems as though they gradually concentrate
towards the centre of the nucleus, and there become arranged in

an irregular manner on a kind of plate. In figs. 32 and 33 there
appear to be six principal granules disposed in two bands upon
what seems to be a spindle formation. I do not Avish, however,
to lay stress on the pi-esence of a spindle within the nucleus, for

I have failed to make it out with any degree of distinctness, and
even in those examples which present the spindle appearance,
there are always irregularly-branching linin strands running in

various directions, as shown in figs. 35 and 36.

In the stages represented in figs. 34-36, four principal roimd
granules are present. These represent the nearest approach to

chromosome formation in the M'hole series of changes. It would
appear from these figures that the nucleus produces division

centres fi^om within, and is not dependent on the migration
of the blepharoplasts to their antero-lateral positions for the
formation of its poles of division. I have not been able to trace

further the movements of the four internal chromosomes. In
the succeeding stages the nucleus elongates somewhat laterally,

and the peripheral ring of chromatin begins to break up and
travel towards the latei'al poles, at the same time advancing on
to the dorsal and ventral surfaces of the nuclear membrane. In
fig. 38 the connections between the blepharoplasts and the
nucleus which ultimately become the rhizoplasts are fairly

clearly seen. The lateral elongation of the nucleus now becomes
moie pronounced, and the chromatin, travelling along the linin

threads of the nuclear network, becomes arranged in small
gi^anular masses towards the lateral poles. At this time the
threads stretching across the centre of the nucleus can be made
out fairly easily (figs. 39 & 40). These linin threads are doubt-
less absorbed, and two laterally situated daughter-nuclei are thus
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produced. The chromatin now becomes re-arranged in grannies

of varying size and shape, as shown in figs. 41-44.

During the later stages of nuclear division, the anterior sur-

face of the body becomes much drawn out and flattened. A.

depression now appears on this sxn-face of the body and gradually

travels backwards, and at the same time, in some cases, the

protoplast extends laterally (fig. 44). In other cases the body
becomes triangular in outline, and large vacuoles appear towards
the centre of the body and, by rupturing, assist in the pro-

duction of the daughter-organisms (figs. 42 & 43). Division of

the body is thus longitudinal in direction. Fig. 45 shows two
newly-formed organisms which ha,ve recently sepaiated, their

drawn-out tail-ends overlapping slightly.

(c) Systematic Position.

The possession of four flagella places my organism undoubtedly
in the genus Tetrcmiitus Perty, and though this to--day is a very
mixed assemblage of forms, comprising, as it does, the free-living

organisms described by Perty and by Klebs ('92), and also the

pai-asitic forms Tetramitus {Macrostoma) mesnili (Wenyon, '10 a)

and Tetramitus [Macrostoma) catdleryi (Alexeieff, '11 a), there is

no reason why I should create a fresh genus for its reception.

As, however, I have been unable to discover any description or

figures of any free-living member of the genus which fits my
organism, I have decided to make a new species of it, namely,
spiralis.

(3) Spiron-ema multiciliatum Klebs. (PI. III. figs. 46-48.)

(a) Structure.

This highly intei-esting organism occurred in one culture made
from Broad balk 1865 soil. It appeared both on the surface and
at the bottom of the culture. My attention was first attracted

to it by reason of its great length and its peculiar method of

locomiOtion. It moved slowly in a very hesitating jerky manner
for the most part, but would suddenly exhibit rapid and violent

spiral twists commencing at its anterior end and travelling down
the body, at which times it was propelled at a reasonably fast

pace. It was obvious that the organellse causing the slow jerky

motion were situated at or towards the anterior end, though
they could not be distinguished under a low power of the micro-

scope. Towards the posterior end a contractile vacuole could be
seen in diastole and systole.

I was able to obtain film preparations which, when fixed and
stained, revealed the structure of the organism very clearly.

The body is extremely long in comparison with the width, and
is dorso-ventrally flattened. It measures anything from 20-50

fj.

in length, and averages about 4 ^ in width. The middle region

is generally the widest part of the body. The anterior end is

either rounded or has a lateral knob-like portion on either side.
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The posterioi' end is drawn out into a, long and exceedingly fine

tapering tail, and the contractile vacuole occurs just where the

body begins to narrow down.
The tlagella are numerous and comparatively short. They

vary in number from seven to eighteen, and the smaller the

organism the fewer the liagella. They are situated in most cases

in two lateral rows towards the anterior end of the body, one

row being dorsally and the other ventrally placed. I have care-

fully noted the dis])Osition and number of the fiagella, and find

that they are not equalW distributed on either side, but exhibit

a considerable amount of variation in this respect. Klebs, on
his PI. xvi. fig. 9 c, shows a row of fiagella extending backwards
on one side as far as the beginning of the tail. I have not

found anything like this in my organisms.

A few of the organisms were fixed just as they were twisting

spirally, and one of these is shown in fig. 48. It will be seen

from this that the edges of the body are curved, and that the

fiagella have their oi'igin close to the edges. Each fiagellum

arises from a small basal granule or blepharoplast distinctly seen

in the stained material. I cannot say whether there is a mouth,
and although I watched the creatures in life for a long time, I

never saw them take in food. There are numerous laige granular

bodies, howevei', in the cytoplasm in many of the forms which
appear to be ingested bacteria, and because of this, I am of

the opinion that a mouth is present. I believe it is situated

towards the anterior end, for I have made out, in some cases, a

somewhat lighter area here which might be considered as the

mouth. In the greater part of the body the cytoplasm is very

finely granular and evenly distributed, but towards the posterior

end, in the region of the contractile vacuole, it is frequently much
vacuolated.

The nucleus is a very interesting structure. It is, in most
cases, of considerable length, and is situated about half-way

down the body. It consists of a long narrow rod of granular

material, frequently one -quarter to one-thii-d of the body in

length. Towards the middle of it is placed a circular karyosome
of deeply staining chromatin. The extra-kaiyosomic portion of

the nucleus appears to be very little diflierent from the general

cytoplasm in staining reactions, and is separated from the latter

on all sides by a very narrow clear space. There does not appear

to be any nuclear membrane. At all events, I have not made
out anything comparable with the nuclear membrane of other

flagellates and amoebse. From the appearance of the stained

examples, it seems that all the chromatin is concentrated in the

deeply staining karyosome, there being only small scattered

granules in the rest of the nucleus.

The nearest approach to this nuclear apparatus which I have

been able to find, is that which occurs in certain Euglenoidea,

for example, in Euglena viridis (Keuten, '95), in which there

is a fairly large nucleus consisting of a central karyosome
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surrounded by a granular portion, the bulk of the chromatin lieing

located in the karyosome, and the rest disposed in fairly large
gi'anules in the extra-karyosomic part. At first I Avas inclined
to regard the extra-karyosomic portion of the nucleus as a
macronucleus, and the karyosome as a micronucleus, taking the
organism to be a ciliate. But the comparatively large size of the
karyosome, and the fact that it occurs embedded in the centre of
the rest of the nucleus, seems to rule out its micronuclear
homology. Unfortunately, none of my preparations shows the
organism dividing, so that I am unable to indicate the behaviour
of the nucleus during these most important phases.

(b) Systematic Position.

After studying Klebs's ("92, p. 350) description and figures
of the organism Sjyironema multiciliatum, there can be no doubt
that my organism belongs to the same genus. It agrees in
possessing about the same number of flagella, which are similarly
situated, a posteriorly placed contractile vacuole, and in general
appearance is the same. Klebs's organisms measured 14-18 /j in
length by 2-3 /x in Avidth, whilst none of my organisms is less

than 20 jj, in length, and they are about the same as his in width.
This difl^erence in length does not appear to me to be sufficiently
important to warrant the creation of a new species for the
reception of my organism. Klebs describes and figures two
lateral spiral grooves commencing at the anterior end of the
body and extending backwards as far as the beginning of the
tail, and says that the flagella are inserted on the edge of each
groove. These grooves correspond, I believe, to the dorsal and
ventral surfaces of my organism when exhibiting its spiral

twist, for there are really no true lateral grooves, the body being
so thin. He made out nothing of the nuclear apparatus in his
organisms, but from their appearance, and the number and dis-

position of the comparatively short flagella, he looked upon the
creatures as probably forming a connecting-link between the
Ciliata and Flagellata, as the following quotation shows:—" Ich
halte es fiir sehr wahrscheinlich, dass diese vielgeisseligen
Flagellaten einen Ubergang zu den Ciliaten bilden und m'jclite

speciell die Aufmerksamkeit auf diese noch so wenig bekannten
Formen lenken."

From the appearance and structure of the nucleus, 1 think it

is best to include Sjnronema in the Flagellata, though there is

something to be said for Klebs's suggestion of it being a connect-
ing-link between the Ciliata and Flagellata. The posterior
position of the contractile vacuole is a ciliate characteristic,
whilst the organelhe at the anterior end might equally be re-

garded as long cilia or short flagella. The forms which Klebs
examined were obtained from ditch-water, so that there is

nothing very remarkable in my obtaining the same organism in
cultures of soil.
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B. Rhizopoda.

Each of the soils yielded small amoeb?e of the Umax type, and
I have been fortunate in obtaining a number of stages in the
division of one or two of the forms.

(1) Amgeba lawesiana, sp. n. (Pis. III., lY., figs. 49-65.)

I propose this name * for a small amoeba which occurred in a
culture of Broad balk 1865 soil. I put up the culture in the
hope of obtaining another kind of protozoon, but instead of

getting this particular organism, I obtained an almost pure
culture of the amoeba in question. Unfortunately, I was unable
to devote much attention at the time to observing the living

organisms, and for this reason I am not able to state definitely

whether a contractile vacuole is present or not. The conditions
prevailing at the surface of the culture were very favourable to

active life, for my permanent pi'eparations show that the amoebae
were ingesting large numbers of bacteria and dividing forms are
fairly abundant.

I have been fortunate in obtaining an almost complete series

of dividing organisms, and from the appearance presented by the
nucleus during these phases there can be no doubt that this

amoeba is very closely related to Amoaha glebce, which Dobell
('14) has recently described in great detail. It is also similar in

its nuclear changes to Amceha lamellipodia (Glaser, '12), and the
large amoeba fi-om liver-abscesses, described by Listen and
Martin ('11), and also to ATnceba cacumis and Amoeba gobaimi-
ensis (Martin & Lewin, '14),

Nevertheless, it differs from all these in certain important
details, which are dealt with later on, and for this reason I

propose to create a fresh species for its reception.

It is rather smaller than Ainmba glebie., and the following are

some of its principal measurements :

—

Diameter of rounded forms 1 2-1 5 /x.

Diameter of nucleus 4- 5 ^.

Diameter of karyosome 2 /^

.

Diameter of ripe cysts 10-11 /x,.

(a) Structure.

When in motion, the body becomes extended in the typical

Umax shape and presents a blunt advancing pseudopodium. The
protoplast is composed of an almost hyaline ectoplasm and a much
vacuolated endoplasm. In fig. 49 the alveoli of the endoplasm
are very irregular in shape and distribution, but in the almost
spherical forms assumed during nuclear division the alveoli are

fairly regulai'ly distributed throughout the endoplasm and are

more equal in size. The body is often crowded with ingested

* I have named this amoeba after Sir John Lavves, the founder of the Rothamsted
Experiments.
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bacteria, and ia those fonns exhibiting the slug-like appearance
the posterior end is frequently covered by an adherent mass of

bacteria (fig. 49).

The nucleus consists of a large karyosome, which is separated
from the nuclear membrane by a clear zone and an outer ring of

faintly staining granules. The latter may apparently occur as

very small discrete particles, as in fig. 49, or as a single ring of

small blocks, as in fiuf. 50. I have not succeeded in making out
any connecting strands between the karyosome and the nuclear
membrane. It resembles the nuclei of Amwba glebce and Amcuba
laiiiellipodia in possessing the ring of faintly staining granules.

(b) Reproduction.

The animal ceases to wander about and comes to rest, at

the same time becoming spherical. I have not made out
pseudopodia in any of these globular dividing forms. The
earliest stage in the division of the nucleus which I have dis-

covered is shown in tig. 50, where the karyosome has broken
down into four principal masses. This fragmentation of the

karyosome is continued until the central part of the nucleus
originally occupied by the karyosome, or an area slightly larger

tha,n this, becomes filled with a mass which appears to be made
up of very faintly staining particles, amongst which are lodged
the rather more deeply staining gi'anules produced by the dis-

integration of the karyosome. I cannot say whethei- the ring of

faintly staining granules occurring in the " resting " nucleus
takes any part in the division or whether they disappear.

Dobell says that in Amoeba glebce they entirely disappear, and it

may be the same in my organism. The fine particles produced
by the fragmentation of the karyosome stain much less intensely

than the original karyosome. They gradually aggregate and
jjroduce somewhat larger gnxnules, which become connected vip

into a sort of chain formation, which lies in an irregular manner
among the mass of linin particles. The nuclear membrane does

not disappear, and does not seem to become any less distinct than
during the " resting" condition of the nucleus.

The chain of chromatin granules or chromosomes, as they may
perhaps be called, approaches the equatorial I'egion of the nucleus,

where it ultimately becomes disposed in the form of a ring

(fig. 53). At this stage the first indications of a spindle make
their appearance, becoming elaborated out of the linin matrix in

which the ring of chromatin granules has been lying. The ends

of the spindle are at first broad and rather flattened, but later

on they become very sharply pointed. The plane in which the

long axis of the spindle lies is slightly oblique to the horizontal

plane of the nucleus. This is well seen in fig, 54, where the two
ends of the spin<lle extend beyond the limits of the nuclear

membrane which is represented in optical section, one end being-

over and the other under the nuclear membrane.
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In the equatorial ring of chromatin granules I have not been
able to distinguish at all clearly the separate constituent chromo*-

somes. This may be due to the fact that they become very
closely packed together. They are most distinctly seen in

figs. 53 &, 54. The equatorial ring becomes divided into two in

the plane at right angles to the axis of the spindle. I have not

discovered any organism showing the actual constriction of the-

chromosomes, but have obtained a stage where the two daughter-
rings are very closely apposed (tig. 56). In the succeeding stages,

of division the two rings of chromatin gradually become sepa-

rated from each other by a wider interval, owing to the elonga-

tion of the spindle, the fibres of which become quite distinct

across the centre of the animal.

The poles of the spindle remain sharply pointed until a late

stage in the separation of the new chromatin bands (figs. 59 & 60).

After the stage which is depicted in fig. 55, the word " band "

more accui-ately desciibes the appearance presented by the

daughter chromatin elements, for I have not been able to make
out any ring-like structure after carefully focussing on these

parts. Neither have I been able to distinguish separate chromo-
somes, for each band appears to be composed of numei-ous fine

granules. The nuclear membrane appears to remain intact up
to the stage shown in fig. 56, after which, however, it is not dis-

tinguishable, and I suppose it disappears entirely.

The animal now elongates in the direction of the long axis of

the spindle and becomes ellipsoidal in outline (fig. 59). This
figure shows an interesting condition of the spindle-fibres be-

tween the chromatin bands, in that a twist in them seems to

have been produced as though one of the bands had rotated

through an angle of 180°. A constriction now appears round
the animal, and the first stage in the process of fission is brought
about. Fig. 60 represents this stage, and it is easily seen that

the poles of the spindle are sharply pointed at this time.

The process of the re-formation of the daughter-nuclei now
begins. The pointed poles of the spindle disappear, and the
chromatin granules become scattered ii-regularly in a mass of

faintly staining linin particles which are apparently formed by
the break-up of the outer portion of the spindle-fibres. In
fig. 61 one daughter-nucleus is seen to consist of a crescentic

area of linin particles in Avhich the small granules of chromatin
are scattered, whilst at the other end of the spindle the daughter-
nucleus consists of a small though well-developed central granule,

no doubt formed by a fusion of smaller granules, surrounded by
a ring of linin particles, from which it is separated by a clear

zone. I think there can be no doubt that the crescentic daughter-
nucleus represents an earlier stage in the process of reorganisa-

tion than the round form in the other part of the constricted

amoeba.

In fig. 62 the constriction of the parent amoeba has been
carried a little further, and the spindle-fibres between the
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re-forming nuclei could be made out on focussing very carefully.

It can be seen from this figure that the reorganisation process

takes place earlier on the outer side of each nucleus than on the

inner side. I have not been able to distinguish any reticulate

arrangement in the linin particles which are laid down as the

process of reorganisation commences. The fission of the body
is now carried a little further, and the two daughter-organisms

are produced. There does not appear to be any connecting-

strand of protoplasm between the two products of fission, though
in all these stages this region is extremely difiicult to make out,

owing to the presence of large masses of adherent bacteria,

which I have purposely omitted from the drawings.

The new karyosome now increases in size by the absorption of

the remaining fine granules of chromatin. It is no longer

possible to distinguish any spindle-fibres, and each nucleus

becomes rounded o&. The new nuclear membrane is apparently

formed from the zone of linin surrounding the new karyosomes,

and from this zone also the peripheral ring of feebly staining

granules is also produced. The only difierence between the

nucleus of the stage represented in fig. 63 and that of a full-

grown animal is merely one of size.

(c) Encystation.

On the same preparations which showed dividing animals, I

obtained a few stages revealing the process of encystation. The
first indication of this is the production of intensely staining

small round granules in the endoplasm, as shown in fig. 64. In
this animal I could discover very few ingested bacteria., and it is

evident that the normal process of digestion becomes suspended

with the beginning of encystation. There is practically no
difference in the appearance of the nucleus duiing the process of

encystation, and even when the cyst-membrane has become Avell

defined, as in fig. 65, it was still possible to distinguish all the

principal structures of the nucleus. The karyosome in the

encysting animals is rather smaller than in normal active forms.

As encystation proceeds, there is a gradual contraction of the

endoplasm round the nucleus, so that the ectoplasm is left as a

distinct region free from granules. This is particularly well

shown in fig. 64, where the line of separation between the two
constituents of the protoplast is especially marked. The animal

diminishes somewhat in bulk, and the cyst-membrane is laid

down around it. This later on becomes much corrugated and
indented, as shown in fig. 65. It is quite well defined at this

stage, but becomes somewhat thicker at a later period ; a point

which I have determined by the examination of empty cysts.

There does not appear to be an endocyst. In possessing deeply

stainable gi-anules, the cysts differ from those of Amoeba glebes,

in which Dobell describes non-stainable extremely refractile

granules. I do not know what the real nature of the granules
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produced in the endoplasm is, but tliey ai'e of fairly commou
occurrence in the cysts of other forms of Umax amcebae. At all

events they are not particles of chromatin extruded from the

karyosome, for this does not diminish in bulk to any great

extent, and, moreover, there is a suificient volume of gianular

material produced in the endoplasm to make several karyosomes
if it were fused together. Probably they are of a reserve food

character. I cannot, however, throw any light on their presence

or absence in newdy excysted organisms, for I did not make any
observations on the excystation of this amoeba.

(d) Remarks.

Dobell has gone very thoroughly into the differences and
similarities between his AiiKjeha glehce and its nearly related

forms, so that it is quite unnecessary for me to go into this

question in detail. I will merely point out, therefore, in what
respects my organism differs from or resembles A mceba glehce.

It is obvious, from a comparison of the figures illusti^ting this

account and that of Dobell, that the amcebae to which they refer

are very closely related in their method of nuclear division.

The type of division is the same in each, and it is merely in

details that differences are presented. The most impoi-tant are

the following:

—

1. Amceba lawesiana is a somewhat smaller organism than
Amoiba gleha;.

2. The nuclear membrane persists to a much later stage of

division in Amosba lawesiana than in Amoeba glehce.

3. The spindle formed in the division of the nucleus is

sharply pointed at each end in Amoeba knvesiana smd
is rounded or barrel-shaped in Amoeba glehce.

4. The resting-cyst of Amoeba lawesiana is iriegular in out-

line, whei'eas that of Amceba glehce is perfectly round
and has a smooth outer wall.

5. Within the endoplasm of the cyst of Amoeba Icctvesictncc

large numbers of deeply staining granules are produced,

whereas in the cyst of A7noeba glehce highly refractive

granules occur.

(2) Am(eba agricola, sp. n. (PL IV. figs. 66-74.)

I pi'opose to describe under this specific name a small amoeba
which occurred in one of the cultures made from Hoosfield 1868

soil. It exhibits some rather remarkable appearances during

the division of the nucleus, which seem to differ from any of the

already described nuclear divisions in amoebae ; and it is on the

strength of this fact that I propose the creation of a new species

for its reception. I made no special observations on the live

animals, so that, in this respect, what I have to say about them
is, unfortunately, incomplete. My notes merely record the

presence of numerous Ihnax amcebce in this particular culture,

Proc. Zool. Soc—1916, No. XXII. 22
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I made one or two film preparations, which, after fixation and
staining, showed the presence of large numbers of amoebte,

together with the fla.gellate Gercomonas longicauda. In going

carefully over one of these preparations, I discovered a number
of interesting stages of dividing nuclei ; and though I have not

obtained a very complete series of these, I have made out

sufiicient to show that I am dealing with an organism hitherto

midescribed.

(a) Structure.

There is nothing remai-kable in the appearance of the ordinary

individuals. The body presents an endless variety of shapes,

and the pseudopodia are very irregular and lobose, whilst the

distinction between ectoplasm and endoplasm is not at all clear.

So far as 1 can ascertain, the endoplasm is not alveolate in

structure. At any rate, if alveoli are present they are not large

and distinct like those in Amoeba lawesiana and Amoeba glebce,

for in only one of the animals could I make out anything at all

approaching alveoli. I do not wish to emphasize this point, how-

ever, for the preparation was slightly over-difl'erentiated and the

cytoplasm in all the amoebte was only very faintly stained. On
the whole, the endoplasm appeal's very finely gianular in

structure, with somewhat denser masses scattered about in it

;

and the figures which illustrate this account represent it fairly

accurately.

The resting nucleus consists of a central deeply staining

kaxyosome, separated by a clear zone from the nuclear mem-
brane, with which it appeal's to be connected by very feebly

staining strands stretching across the zone at various points.

I have not been able to make out the presence of a ring of

granules just within the nuclear membrane as in Amoeba

laivesiana. The pi'incipal measurements are as follows :

—

Length of body 12-15^, though this measurement is not of

much value because of the very irregular shape of the

organism.

Diameter of nucleus, 2-75--3^.

Diameter of karyosome, 1*8-2 jjl.

It is thus rather smaller than Amoeba laioesiana.

(b) Iieproductio7i.

The body does not become globular during nuclear division

as in Amoeba glebai and Amoeba lawesiana, but retains its very

ii-regular appearance. The karyosome in the earliest stages of

division loses its rounded sh.'xpe and increases in size. At the

same time it begins to break up into a number of ill-defined

granules, which appear to rest on a matrix which stains only

feebly. I have only encountered a few of these early stages, and

therefore cannot give much information concerning the changes

which go on at this period.

' The final result of the break-up of the kai-yosome is the
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formation of irregular chromosomes, some of which appear rod-

like and others rather rounded. While these changes are taking

place the whole nucleus increases in size and becomes barrel-

shaped, attaining a length of 6-7 fi. A few spindle-fibres make
their appearance within the nucleus, but no definite spindle

comparable with that found in Amoeba lawesiana is produced.

Moreover, the fibres seem to lie on the nuclear membrane rather

than within the cavity of the nucleus. The chromosomes now
become arranged on the fibres, but I have not discovered any
examples which show all the chromosomes arranged in an
equatorial ring or band. All the stages of this phase of division

show two principal groups of chromatin granules or chromosomes
at each end of the long axis and other chromosomes irregularly

disposed in the equatorial region. In the latter region the

individual chromosomes are exti'emely difiicult to distinguish,

and it is therefore practicallj'' impossible to count them. Thei'e

appear, however, to be about eight chromosomes or chromatin
masses produced within each nucleus, four of which travel to

each end. A description of these stages of division is very
difiicult to make owing to the fact that no two stages exactly

agree, as will be seen on referring to figs. 68-70. All of them
ai-e, however, of the same general type, and a detailed description

of each is unnecessary. The chi'omosomes ultimately become
drawn to the two poles of the nucleus, a stage which is well

shown in fig. 71.

Shortly after this, or even earlier, the chromosomes begin to

break up and lose their distinct outline. As a result of this,

a granular mass of chromatin, rather triangular in outline, is

produced at each end of the nucleus (figs. 72 <k 73). The nucleus

now begins to elons^ate, and the chromatin is reoi'ganised into

daughter-nuclei, which thus gradually sepai^ate further and
further apart. In fig. 73 a stage is shown in which a dumb-bell

appearaiice is presented by the two rounded daughter-nuclei and
the nuclear membrane consti'icted between them. This is the

latest stage of division that I have obtained. I have failed to

discover any stages showing fission of the animal, and it seen?s

to be fairly evident that this occui's after nuclear division is

quite complete. In this connection it is interesting to note that

I have found a large number of bi-nucleate amoebae on the same
preparation. It is possible that these are forms in which fission

is retarded, or again they may be abnormal individuals, for I

have found one or two tri-nucleate forms as well.

(c) Remarhs.

The nuclear division in Amceha agricola differs from that which
occurs in any other amoeba. It is obviously a modified mitosis,

but it is not easy to connect it up with any of the numerous
mitotic nuclear divisions which have been described and figured

in other amcebse.
22*
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EXPLANATION OP THE PLATES.

All the fig'uves are camera lucida drawings, and were made with the aid of
Zeiss 2 nn«. apochwmatic objective and compensating oculars 18 and 12, giving
approximate magnifications of 2786 and 1833 diameters respectively.

Plate I,

All figures magnified 2786 diameters approximately.

Fraw^zekia {JSofit;^) saltans.

Fig. 1. Organism seen from th,e ventral aspect.
2. Side view.

3. Dorsal view, a small b,lepharoplast at the base of each flagellum.
4. Doubling of th(? autevior ftageUun;.
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Figs. 5-8. Earl3' stajres in nuclear division.

9-12. Four small chromosomes present in the nucleus.
13-16. Fragmentation of chromosomes and division of the nucleus.
17-20. Eionsration and division of kinetonucleus and constriction of the hody

into two daughter-organisms. The new trophonuclei are unrecognisable
in these stages.

Fig. 21. Two daughter-organisms neai-ly separated ; new trophonuclei visil)le.

22. Small recently separated daughter-form.

Plate II.

Owing to the exigencies of space in raaking up the Plate, the full extent of

the two pairs of llagella is shown only in tigs. 23 & 26.

Tetramitus spiralis, sp. n. All figures X 2786.

Figs. 23 & 24. Two normal forms, showing the groove.
25 & 26. Showing the relations of flagella, hlepharoplasts, rliizoplasts, and

nucleus.

Fig. 27. Showing new flagella arising from anteriorlj- enlarged hlepharoplasts.
28. The flagella have migrated before the nucleus shows signs of division.

Figs. 29-33. Successive stages in early phases of nuclear division.

31-30. Stages showing four principal chromatin masses within the dividing
nucleus.

37-41. Later stages in nuclear division.

PlATE III.

Figs. 42-45. Tetramitus spiralis, sp. n. X 2786.

Figs. 42-44. Later stages of division, showing the formation of daughter-organisms.
in tig. 43 there appears to be a production of large vacuoles on the
longitudinal axis of the bodj'.

Fig. 45. The two new organisms have just separated.

Figs. 46-48. Spironema nnilticiliatum. X 1833.

Fig. 46. A rather small form having 8 flagella and showing the contractile vacuole

at the beginning of the tail. The extra-karyosomic part of the
nucleus has ^ery small granules on its outer edge.

47. A lunger form showing 18 flagella, rather irregularly disposed.

48. A long_ form showing spiral twist of the anterior part of the body and
contractile vacuole towards posterior end.

Figs. 49-55. Amoel/a lawesiana, sp. n. X 1833.

Fig. 49. Normal individual of typical Umax form, showing feebl}' staining granules
just iiisiile the imclear membrane, and a mass of adherent bacteria'

at posterior end.

Figs. 53-52. Early stages in nuclear division showing disintegration of the karyosome
and the production of a chain of chromatin granules or chromosomes.

Fig. 53. The formation of the spindle at rirst, having broad ends extending be-

yond the nuck'ar membrane The chromosomes are arranged in an
equatorial band.

Figs. 54 & 55. The spindle has become pointed at each pole and is placed obliquely

to the horizontal plane ; ring of chromosomes.

Plate IV.

Figs. 56-65. Amoeha lawesiana. X 1833.

Fig. 56. Equatorial ring just divided.

Figs. 57 & 58. Elongation of the spindle and separation of the new chromatin
bands.

Fi"". 59. Late stage of nuclear division, showing a twisting of the central portion

of the spindle.

60. Commencement of constriction of the organism.
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rigs. 61-63. Completion of fission and reorganisation of the ttangliter-niiclei.

64 & 65. Stages in encystation showing the production of deeply staining

granules within the endoplasm. In tig. 64 the endoplasm appears
sharply separated from the ectoplasm.

Figs. 66-74. Amceba agricola, sp. n. X 2786.

Fig. 66. Normal form.

67. Granulation of the karyosome.

Figs. 68-70. Showing a variety of stages in the arrangement of the chromosomes on
the nuclear spindle. In each case there appear to be two principal

chromosomes at each pole and variously situated chromosomes in the
equatorial region.

Fig, 71. The chromosomes are drawn to each pole.

Figs. 72-74. Granulation of chromosomes a,ud formatiou of daughter-nuclei.
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9. On some Fresh-water Entomostraca from Ceylon.

By Robert Uurnfa', M.A., F.Z.S.

[Received February 8, 1916 : Read April 4, 1916.]

(Plates I.-III.* and Text -figure 1.)
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The fresli-water Entomostraca of which an account is given

here were collected by Mr. G. W. Smith during a visit to Ceylon
in September and October, 1907, on his return from Tasmania,
and I desire to express my thanks to him for his kindness in

handing them over to me for examination. The collections

were made in A^arious waters at Colombo, Kandy, Peradeniya,

Mahintele, and Anuradhpura, but I have not thought it

necessary in most cases to specify precisely in what spot a

particular species was found.

The most complete account that has been published of the

Entomosti'aca of Ceylon is that given by Daday in 1898 ; but

there have been several other contributions made to our know-
ledge of them, so that we now know of 94 species or well-marked

varieties inhabiting Ceylon. Mr. Smith's collections contain

35 sjDecies, of which three are, as I believe, hitherto midescribed,

and several are additions to the list. It is rather remarkable
that, of the four species of Diaptoimcs here recorded, three have
not before been taken in Ceylon, and it is quite evident that the

fresh-water Entomostraca of Ceylon are very far from being

completely known.

I. PHYLLOPODA.

Cyclestheria hislopi Baird.

Nine specimens, some with developing young in the brood-

pouch, were taken in the Colombo water-supply.

II. CLADOCERA.

DiAPHANOSOMA EXCISUM SarS.

A considerable number of specimens of a species of Biaphano-

soma were found in a tank at Kandy by Lady Horton's Drive and
also in Colombo Lake, while a few were taken at Anuradhpura.

* For explanation of the Plates see p. 343.
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All belong to the same species, and that, in my opinion, is

D. excisiom, since they agree in all essential respects with Sars's

description, though somewhat smaller than the size given by him.

It is i-emarkable that the only species of Diaphanosoma recorded

from Ce3'lon is D. singcdensis Daday, which was found by Apstein

to be common in the Colombo Lake from January to September.
All the specimens that I have examined have the ventral shell-

margin markedly reflexed, and cannot possibly be referred to

D. sivgalensis. It is possible that there is a seasonal alternation

of the two forms. •

Daphnia lumholtzi Sars,

A few young specimens were taken in a tank at Kandy.

Ceriodaphnia rigaudt Richard.

Peradeniya pond ; Colombo Lake ; Mahintele ; Anuradlipura
;

Kandy tank.

Ceriodaphnia cornuta Sars.

Kandy, in a pond by Lady Horton's Drive and in the tank.

Daday (1898) has expressed, and still maintains, the opinion

that C. cornuta and C. rigaudi are merely extreme forms of

one species, and a careful examination of the specimens at my
disposal gives much support to such a view. The presence or

absence of a head-spine is, in my specimens, usually correlated

with the possession of a posterior shell-spine, which is slightly

bifurcated or simple respectively; but not only do both rigaudi

and cornuta forms occur together in the same collections, but
also individuals are found which it is almost impossible to assign

to one or the other. The head-spine may be so small as to be
detected with great difficulty, and the shell-spine may show but
the faintest trace of bifurcation. It appears to me that the

rigaudi form may occur alone, but that wherever (in Ceylon)

C. cornuta occurs, there also are found a small number of

individuals which, in the lack of its distinctive characters,

approach C. rigaudi. One may conclude that the species may
be in fact distinct, but that G. cornuta is very variable and
may approach C. rigaudi in appearance. The cornuta form
described by Stingelin from Java, and having a double head-
spine, must be regarded as merely a, variety of the species, since

Daday (1910) has found specimens with double head-spines

together with others of the typical form in Victoria Nyanza.

MoiNA DUBiA Richard.

Kandy; Mahintele; Anuradhpura. Common.
I take this opportunity of correcting aii error in my figure of

this species recently published (1911, pl.ii. fig. 1). In this figure

the reticulations of the ephippium are shown strongly marked
over the egg-space, whereas, though a veiy faint reticulation can
sometimes be detected, the egg-space usually appears quite
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nnmarkefl. These faint markinp-s wei'e shown in my drawing
and have become accentuated in the plate.

Macrotiirix odiosa Gurney.

Peradenija pond. Abundant in a plankton collection taken
at night, but much less common in plankton and in weeds during
tlie day. Also taken at Anuradhpura.
The species bears some resemblance to M. singalensis, but

differs from it in the form of the upper lip, the arrangement
of cilia, and teeth on the antenna and on the post-abdomen.

While the adult differs considerably from M. triserialis in the

shape of the valves, the young closely resemble it, being of a

pointed pear-shaped form.

Macrothrix triserialis Brady.

Mahintele— Snake's pool. Two specimens only seen,

Leydigia australis Sars.

In a tank at Anuradhpura greab numbers of cast shells of a

species of Leyiigla were taken, and among these there are two
or three post-abdomina, but none with the terminal claw

attached. However, the shape of the post-abdomen and the

ari-angement of the spines, together with the fact that the shell-

valves are not striated, make it certain that the species is

L. austrcdis. The arrangement of the spines is distinctive

in this species; there is a regular series, decreasing in size

anteriorly, of groups containing one long spine and two very

short ones, and these groujDS are not replaced by groups of cilia

till the anal depression is reached.

At Mahintele a single specimen of a Leydigia was taken which
a,grees most closely with L. australis var. ceylonica Daday. In
this specimen the spines of the post-abdomen are more slender

and pnrtly arranged in fours (PI. I. fig. 1), and the shape of the

post-abdomen recalls that of L, 'propinqtia. My specimen, which
is much decayed, differs from Daday 's form in absence of sculptui-e

on the shell.

Alona rectangula Sars.

A few specimens of a small form of this species were taken in

Pei'adeniya pond. Some females are ephippial, but no males
were seen. In some specimens the upper lip has a minute tooth

on its anterior margin.

Alona intermedia Sars.

Old tank at Anuradhpura.

Alonella davidi Richard.

One specimen and a moulted shell were included in a collection

from the old tank at Anuradhpura. They agree exactly with
regard to form of post-abdomen and ari'angement of spines and
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cilia with the specimens described hy Stingelin (1904) from Java
and Honoluki, except that here the chxws have no cilia. But in

my specimens the shell is distinctly striated, but vi'ithout reticu-

lations, thus approaching more nearly to Richard's description.

I have already (1911) given reasons foi' regarding A. davidi

sa\d A . punctata Dadny as varieties oi A. diaphana King, but I

am inclined to think that, though I still believe the three species

to form a gradational series, yet it is perhaps more convenient
and less cumbrous to leave the thi-ee names to define the three
varieties.

Alonella karua King.

Peradeniya and Anuradhpura,

Alonella excisa Fischer.

Peradeniya pond.

Chydorus parvus Daday. (PI. I. figs. 2, 3.)

Peradeniya pond and Priest's Well ; Kandy ; Anuradlipura.
In 1898 Daday described, imder the name of C. sj^hrericus var.

parvus, a Chydorus from Colombo Lake, differing cliiefjy from
C. sphoiricus in the form of the upper lip (fig. 2), and I have
little hesitation in referring to this species a Ghydoras which is

common in some of Mr. Smith's collections. These specimens,
which vary from -28 to '35 mm. in length, are nearly globidar in

shape and usually of an opaque golden-yellow colour. In the
form of the upper lip and of the post-abdomen (fig. 3) they agree
very closely with Daday's description, but they differ in the fact

that I have been unaljle to detect with certainty any sculpture

on the shell, whereas Daday's species shows strong reticulation.

Chydorus barroisi Richard. (PI. I. figs. 4, 5.)

Peradeniya pond ; Anuradhpvira.
My specimens unite in a very perplexing way the characters

of C. barroisi and C. poppei Richard. All my specimens agree in
having the upper lip strongly serrated and in the arrangement
of spines on the post-abdomen (fig. 5), and nearly all have the
shell-valves smooth. The majority have also a tooth at the
posterior ventral angle of the shell (fig. 4) and an additional
minute spine at the base of the caudal claws, but I have also
seen specimens which lack the one or the other. In the structure
of the ]30st-abdomen they agree much more closely with C. po]jpei

than with C. barroisi. C. hybridus Daday unites in the same
way the characters of the two species, and it seems to me that
the three are not, in fact, specifically distinguishable. C. poppei
has been recorded only from South America and from the
Southern United States, but 0. barroisi occurs in Syria, Ceylon,
various parts of Malaysia, Xew Zealand, East Africa, and South
America. Stingelin (1913) also expresses the opinion that the
three above-named species should probably be united into one. .
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III. COPEPODA.

Cyclops distinctus Richard. (PI. I. fig. 6,).

In a collection from a pond by Lady Horton's Drive at Kandy
a few specimens of a Cyclops were found, which I assign witli

some hesitation to this species. The specimens included only a

single adult female, the rest being chieliy adult males.

My specimens differ in some important respects from typical

European specimens vvi,th which I have compared them :

—

(1) In size. Length: $, 1-44 mm.
; S, -95 mm. Whereas

English specimens iiiensure about 2 mm. ( $ ).

(2) Furcal rami. Whereas in typical C. distinctus the rami

are about 2.^- times longer than they are broad, in

specimens from Kandy they are less than twice the

breadth. Also in the latter the lateral seta is very

long—longer than the ramus. The proportional length

of the remaining setse is the same in both.

Since in other respects—as, for example, in the form of the

fourth pair of legs and their uniting lamella (fig. 6)—the agree-

ment is complete, I do not think the differences are sufficient to

constitute a distinct species.

Cyclops hyalinus Rehberg.

Kandy ; Mahintele ; Anuradhpura.

Cyclops leuckarti Clans.

Peradeniya ; Kandy ; Anuradhpura.

Cyclops varicans Sars.

Peradeniya ; Kandy ; Anuradhpura. Rare.

Cyclops varius Lillj., var. proximus Lillj.

A few specimens taken in the Priest's Well at Pei'adeniya.

Cyclops prasinus Fischer.

Peradeniya—Priest's Well ; Kandy—Lady Horton's Drive

pond.

Canthocamptus grandidieri Guerne & Richard, var. (Pis. I.

& II. figs. 7-9.)

In collections from Peradeniya and from Anuradhpura a few

specimens of a species of Canthocam/ptus were found which I find

difficulty in identifying. In most respects they agree very closely

with descriptions given of C. grandidieri, bat with I'egaid to the

f area and to certain details of the fifth pair of legs there are

differences which are constant and considerable. The furcal

rami are more or less quadrangular, bea.ring at their apex a short

slender seta on the inner angle and a single very long seta with
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a rather swollen base (fig. 7) ; but in place of the usual external

long seta there is, in all adults, merely a small finger-like

outgrowth. On the other hand, in all immature specimens two
setse are present of the usual form. A further difference is that

the ramus is not, as is usual in C. grandidleri, distinctly produced
dorsally. There is indeed a slight overhang, but it is scarcely

noticeable (fig. 9). With regard to the fifth pair of legs the

agreement is closer, but here the innermost spine of the basal

joint is very much shorter than the others, and the second joint

is smooth on its inner face (fig. 8). In the proportional length

of the spines on this leg my specimens a,gree more nearly with

C. laciniatus Van Douwe, which itself seems to me only a. variety

of C gi^andidieri. Brady's description of C. cingcdeiisis is too

incomplete to make any satisfactory comparison possible.

DiAPTOMUS DOEiAi Richard.

Anuradhpura. Bare.

DiAPTOMUS STRiGiLiPES Gurney.

Anuradhpura—Baltring tank ; Mahintele. Abundant.

DiAPTOMUS ANN^ Apsteiu. (PI. II. fig. 10.)

Peradeniya pond ; Kandy ; Colombo Lake.

Brehm has found that specimens from Kandy do not agree in

all respects with the description given by Apstein, the third joint

of the exopodite of 'the fifth foot in the female being clearly

distinct, and argues that the separation or fusion of this joint

is therefore not of great systematic importance. In all my
specimens this joint is separate, and Apstein ha,s found that

it is, in fact, distinct in his original specimens. The endopodite

of this leg in my specimens, as in Brehm's, is considerably shorter

than the first joint of the exopodite, and, in respect of length,

this joint seems to be very vai'iaWe. I have seen one specimen

(fig. 10) in which this branch was clearly two- jointed, but this is

evidently an abnormality.

DiAPTOMUS VIDUUS, sp. n. (PL II. figs. 11-14.)
,

In a collection from the Snake's pool at Mahintele, among
large numbers of D, strigilipes, a single male Diaptomus was
found which appears to belong to an undescribed species. In

spite of very careful search I have found only the single

specimen, but it seems to me so distinct that it is best to

describe and name it.

The body is slender and tapering anteriorly ; last segment of

the thorax with pronounced posterior angles bearing two small

spines on either side (fig. 11). Fourth abdominal segment
asymmetrical, being slightly swollen on the right side. Furcal

I'ami and setse of normal shape. The left antenna reaches, when
reflexed, to the end of the fourth abdominal segment. The
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antepenultimate joint of the right antenna has a hyaline mem-
brane and a short outwardly-turned hook (fig. 12), The fifth

leg (fig. 13) on the right side has two small hyaline processes on
the second basal joint ; the endopodite is longer than the first

joint of the exopodite. The first joint of the exopodite is pro-
duced laterally into a pointed process and bears on its posterior
face a large hyaline process (fig. 14). The second joint of the
exopodite has the spine, which is usually lateral and distal in
position, inserted on the posterior face near the base of the joint.

Length 1"75 mm.

lY. OSTRACODA.

ISToTODROMAS ocuLATA Sars. (PI. III. fig. 15.)

Tank by Lady Horton's Drive.

This species differs very little from JV. entzi Daday, bei no-

somewhat smaller and with difierent markings. In dorsal view
it is seen that N. entzi is much wider behind than in front,

whereas in N. oculata the outline is an almost regular oval
(fig. 15).

Strandesia (Cypris) vittata Sars.

Common in Peradeniya. pond.

My specimens agree in all respects with Sars's description,

with the exception that they do not show the coloured bands
mentioned by him, the absence of whicli is possibly due to the
preservative. The curious " lop-sided " appearance in end view
is very characteristic. Previously I'ecorded from Puching, China.

EuRYCYPRis SUBGLOBOSA Sowerby.

Colombo Lake. Rare.

Stenocypris malcolmsoni Brady.

Colombo Lake.

Cypricercus reticulatus Daday ?

A considerable number of specimens of a species of Cyjmcercus
were taken in Peradeniya pond. Unfortunately ail appear to be
immature, not exceeding '7 mm. in length and with the ovary
barely distinguishable. My specimens diflfer somewhat from
C. reticulatus in shape and also in the complete absence of any
shell-sculpture, but I cannot assign them to any other species

nor safely describe them as new.

Cypridopsis newtoni Brady & Robertson. (PI. III. fig. 16.)

Syn. C. aldabrce Miiller.

Great quantities of this species were found in Colombo Lake
and a few specimens at MaJuntele. Apstein has recorded Cando-
nella alhida Vavra from Colombo Lake, but I have found no



340 ME. ROBERT GURNEY ON

specimens wliich can be referred to that species. On the other

hand, the shape of the shell (fig. 16) points unmistakably to the

closely allied species C. aldabrce, with which my specimens agree

also in other respects. Unfortunately I have not been able to

find a single male, so that the comparison is incomplete.

ONCOCyPRIS PUSTULOSA, sp. n, (PI. III. figs. 17-21.)

Seen froin above the animal is pear-shaped, very broad behind

and tapering anteriorly, with a constriction in front of the eye

(fig. 17). In quite young individuals the shape is that of an

Qg^.1 with the gi'eatest width just behind the middle and tapering

evenly in front and behind. Seen from the side the two valves

are alike, kidney-shaped, broader in front than behind (fig. 18).

The cuticular border is broad a,nteriorly, scarcely visible ventrally,

and narrow beliind. Seen from inside, the structure of the shell

is distinctive. In the left valve the anterior cuticulai- bolder is

very broad and springs from the edge of the shell, its point of

origin being marked by the accompa.nying setae. Beyond this

point is the " pore-canal " zone, in which are seen a series of

strongly marked semicircular loops which appear to indicate

unbranched pore-canals, but their real nature is not at all clear

(fig. 19). Cutting across them is seen a conspicuous ridge. The
structure is much the same posteriorly and in the right shell.

The surface of the shell is thickly covered with little knobs,

but in very young specimens it is strongly reticulated and pitted.

The eyes are very large and united. The general colour, in

spirit, is golden yellow with a conspicuous greenish pigment-

spot on either side of the eye.

The maxilla has no respiratory plate, but in 2:)lace of it there

is a single small seta. Miiller gives the entire absence of setfe as

an important character of the genus, and it is possible that the

specimen in which I have seen the seta is abnormal in this

respect. From the small number of specimens at my disposal

I am unable to go further into the matter. In the second

maxilla there are two strong spines on the third lobe, one of

which is toothed and the other smooth. In the fii'st leg the

third and fourth joints are fused ; the last joint bears a very

large curved spine and a single short seta (fig. 20). The second

leg has a well-developed terminal joint bearing a long curved

claw, a seta of about the same length, and a small hair (fig. 21).

The furca is a simple flagellum.

Length -S-'SS mm. ; width '43- 54 mm. ; height •3-*38 mm.
A very few female specimens of this species were taken in a

tank by Lady Horton's Drive at Kandy. The genus Oncocypris

was established by G. W. Miiller for a species, 0. vodtzkowi, from
Madagascar, which has since been found also in Abyssinia (Daday)

and South Africa (Brady). The only other species of the genus

is 0. costata Daday from German East Africa. It is therefore of

considerable interest to find that a species of this Afiican genus

occurs also in Ceylon.
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Physocypria tuberata, sp. n. (PI. III. fig. 22 ; text-fig. 1.)

Female. Seen laterally the shell is oval, the greatest height

'equal to two-thirds the length and falling behind the middle

(text-fig. 1 a). The anterior end is much less broad than the

posterior end. The right and left shells are of the same shape,

the left shell slightly the larger and overlapping the right in

iront. Both shells have a narrow hyaline border and are fringed

Text-fio'ure 1.

Fhi/socypria tuberata.

a. Female. Left valve, X 66.

h. Male. Right valve from inside, X 126.

c. Female. Fm-cal ramus, X 274.

cl. Male. Copulatory oi-gan, X 274.

e. „ Clasping organ of right side, X 274.

'with long scattered setae. The right shell difiers from the left

in having a row of small knobs on the anterior and posterior

margins (text-fig. 1 h). Seen from above the shell is much com-
pressed and narrower in front than behind (PI. III. fig. 22).

The^surface of the shell is smooth, but marked with small brown
Proc. Zool. Soc—1916, No. XXIII. 23
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spots. In the second leg the penultimate joint is three and a

half times as long as the last joint and without cilia. The last

joint bears two subequal claws and a recurved seta longer than

the last three joints of the leg. The furcal rami are slightly

curved and bear two short stout claws and a very short seta at

the apex. The dorsal seta is inserted about the middle, and is

nearly half as long as the furea and about the same length as-

the longest claw (text-fig. 1 c). Length '4:5--5 mm. ; height
•27--28 mm.

Male. The male differs somewhat from the female, the dorsal

margin of the shell being more flattened and the two ends more
equally rounded. The tubercles of the right shell are conspicuous.

The palp of the right second maxilla is slender, broader at the

end, and with a triangular pointed process (text-fig. 1 e) ; the last

joint is in the form of a curved blunt-ended claw. The palp of

the left side is more or less cylindrical, not dilated at the end,

and with a minute tooth in place of the triangular process of the

right side. The distal joint forms a curved sharp-pointed claw.

The copulatory appai-atus consists of a large triangular lamella

with pointed recurved end, and a narrow pointed process hinged

to it (text-fig. 1 d). The ejaculatory apparatus has six rings of

spines.

A few specimens only of this species were found in a collection

from Colombo Lake, and amongst them was a single male.

The species resembles Cypria cremdata Sars very closely, and,

indeed, may be but a variety of it, but it differs from it in having

knobs on both the anterior and posterior margins of the right

shell, and also in the presence of brown spots on the shell.

Sars gives no particulars of the structure of the male by Avhich

a comparison could be made, but he says that the male is exactly

like the female in shape, and that is not quite the case with

regard to my own specimens.
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EXPLANATION OF THE PLATES.

Plate I.

Fig. 1. Lei/digia australis var. ceylonica. Post-abdomen. X 260.

2. Chydorus parvus. Upper lip. X 445.

3. „ „ Post-abdomen. X 1050.

4. „ harroisi. Female. X 260.

5. „ „ Post-abdomen. X 1050.

6. Cyclops distinchcs. Uniting lamella of fourth pair of lea's of male.

X 445.

7. CantJiocamptus grandidieri. Furcal rami. X 445.

8. „ „ Fifth leg of female. X 445,

Plate II.

Fig. 9. Canthocamptus grandidieri. Furcal ramus, side view. X 445.

10. Diaptonius amicB. Fifth leg of female showing (abnormal) 2-jointed

endopodite. X 445.

11. „ viduus, sp. n. Male. X 58.

12. „ „ „ Prehensile antenna. X 120.

13. „ „ „ Fifth pair of legs. X 120.

14. „ „ „ Part of the right leg of the fifth pair.

X 320.

Fig. 15. Notodromas ocidata.

16. Cypridopsis neiutoni.

Plate III.

Dorsal view of female. X 98.

Right valve of female. X 120.

17. Oncocypris ptistiilosa, sp. n.

18.

19.

20.

21.

22. Physocypria ttiberata, sp. n.

Dorsal view of moulted shell. X 150.

Side view. X 98.

Anterior end of left valve from inside.

X 260.

First leg. X 445.
Second leg. X 445.

Dorsal view of female. X 98.

23*
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In the Cichlidfe, as in most Perciform Acanthopterygians,
three is the most frequent number of spines in the anal fin, and
this number may be looked upon as a primitive character. It

has generally been the custom for systematists to attach generic

importance to an increase in the number of these spines, even
when vmaccompanied by any other character. In this I have
differed, and refused to accept genera based on the number of

anal spines when everything else pointed to close relationship

with species showing the usual number, thus uniting Giinther's

Oreochromis (4 anal spines) with Tilapia and Pellegrin's Asta-

toreochromis (4 to 6 anal spines) with Haplochroiniis. I felt all

the more justified in doing so from the fact that occasionally, as

individual exceptions, the three spines may be increased to four,

as in Tilapia onossambica, variabilis, percivali, Haplochromis
desfontainesii. There is also the perplexing case of Cyrtocara

tnoorii, of which only two examples are known, one with three

anal spines, the other with four. My reform in classification

has not met with the approval of Dr. Pellegrin, who has
protested against the suppression of his genus Astatoreochroonis,

on the ground that the same character has been used for distin-

guishing American genera— with what regard to natural

affinities appears to me questionable. I think the following fact

disposes once for all of his objection. •

It is with the greatest surprise that, on recently receiving

from Mr. S. L. Hinde a series of over 30 specimens of a fish

which I identified as the common Tilapia nilotica, a species with

which I am farailiar from a study of hundreds of specimens, the

first I took up showed five anal spines, and the others either

four or five. A table showing the variation in 30 of these

specimens is here appended. This series was obtained in the

Makindu and Isavo Rivers, affluents of the Athi River in

British East Africa.

* Published by permission of the Trustees of the British Museum. ,
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Having previously received, after writing the description of

Tilapia nilotica for the ' Catalogue of African Fresh-water
Fishes,' two young specimens from another affluent of the same
river, the Simba River, it occurred to me to examine them
carefully, as I should have done before, and I found four to be
the number of spines in both. In their physiognomy, in their

coloration and markings, and in all structui^al particulars, these

fishes are indistinguishable from Tilapia nilotica ; and although,

in view of the constancy of the increased number of anal spines,

the Athi River specimens may be recognised as a new local form,
under the name of var. athiensis, I should not think of proposing
for them a new species.

A further remarkable fact is the presence of four anal spines

in another Tilapia very closely related to, though sufficiently

distinct from, 2\ nilotica, viz. T. (^Oreochromis) nigra Gthr., also

from the Athi basin. Why in the Tilajna from this river-system

a.n increase should have taken place in the number of anal spines

is difficult of explanation, unless it be that an abnormal trans-

formation of a soft ray into a spine, as happens elsewhere, should

have been a peculiarity of the first settlers in that basin of the

widely distributed T. nilotica, and, becoming fixed, been passed

on to T. nigra, which may well be regarded as derived from that

species. Whatever this explanation be worth, the fact is clear

that, unless our classification of the Oichlid^e be made still more
artificial than it unfortunately is at present, the number of anal

spines must not be used, as a single character, for the division

into genera, and it affords the best justification that could be
wished for the course I have followed in the past.
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Introdtiction.

The facts recorded in this paper are based mainly vipon an
examination in the Society's Prosectorium of examples of the

following genera and species, which have been exhibited during

the past ten years in the Zoological Gardens :

—

Mungos mungo, the common Indian Mongoose ; many spe-

cimens of both sexes.

,, smithii ; one female example from Ceylon.

,, auropunctatus ; two examples from Nepal and Ohitta-

gong.

,, hrachyurus ; one example from the Malay Peninsula,

only superficially examined, without dra'wings being

made.

/^'/<o77<3 Ti^^f^ gracilis ; one u^nlocalised example of this African form.

Helogale undalata ; two examples from British East Africa

very closely allied to this species, but with less yellow in the

fur.

Ichneuinia albicauda ; one female from the White Nile.

Atilax 2^cdiidinosus ; one male from South Africa.

Gynictis penicillata ; one example from South Africa.

Ariela fasciata ; one female example from the Sudan, repre-

senting a local race of this species.

Crossarchus ohscurus ; two examples, male and female, from
West Africa.

Siiriccita suricatta ; two examples, male and female, from
South Africa.

I have also seen, in addition to a few examples of some of the

species above enumerated, a female specimen of Bdeogale 'puisa,

ticketed Zanzibar (Sir J. Kirk), preserved in alcohol in the

British Museum.
Althouglx a study of the skulls and teeth has been no part of

my present purpose, I have made use of the characters they
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supply, in conjunction with the external features, in the attempt

to discover the probable affinities of the genera with reference to

a hypothetical ai-chaic type of Mongoose. For this, the fine

series of skulls in the British Mviseum has been indispensable.

There does not appear to have been any general work on the

classification of Mongooses since the publication of Mr. Thomas's

and Prof. Mivart's papers in our 'Proceedings' for 1882. The
classification proposed by Mr. Thomas, and the genera he pre-

served, have been adopted by subsequent authors. It must be

remembered, however, that his paper was written before the

introduction of the more refined and modern methods of distin-

guishing genera. Hence there is no doubt that he would now
agree in assigning generic rank to Ichneumia, to Avhich at the

time in question he gave subgeneric rank under Herpestes, now
known as Mitngos. I am not aware, however, that there has

been published in any faunistic lists a proposal, either tacitly or

definitely expressed, to restore Atila.v and Ariela to the generic

status formerly given them respectively by Cuvier and Gray.

On the available material, Mr. Thomas made Atilax a synonym of

Herpestes {=2Iu7igos) and Ariela a synonym of Crossarchtts. My
reasons for restoring these names to generic rank are given in the

sequel. About Atilax there can, I think, be no doubt, assuming

the constancy of the features relied upon ; and the only criticism,

it seems to me, that can be made against the severance of Ariela

from C'rossarchus is the uncertainty, in the absence of fresh

material, as to the correct generic allocation of all the forms

that in recent years have been described as Crossarchus. This,

however, does not deprive of their force the characters by which
the type-species of Ariela can be distinguished from that o£

Crossarchus.

As regards the generic names previously proposed, it must not

be forgotten that Gray and Hodgson divided what is now known
as Mungos into several genera—e. g., Urva, Tceniogale, Galerella,

etc.,—the type-species of which were cited by Thomas in 1882.

It remains to be seen whether any of these genera will be restored

in the future or not*. I have not sufficient material upon which

to form an opinion of any value ; but as at present constituted,

2Iungos is the only genus of "Viverroid Carnivores common to

the Oriental and Ethiopian Regions.

Two new generic names have been introduced since Thomas's

paper, namely, Paracynictis for Cynictis selousi, and Galeriscus

based upon G. jacJcsoni, an alleged Musteline from British East

Africa, which proves to be a species of Bdeogale t.

* The small African Mongoose {Mungos gracilis), the t,ype of Galerella Gray,
differs in several respects from Mongooses of the M. niungo and M. ichneumon type,

notably in its larger ears, less webbed feet, and in the prominence of the anterior

chamber of the tympanic bulla. In all these respects it approaches the otherwise

verj' distinct genus Cj/nictis. Another small African species, M. pulvernlenttcs,

appears to resemble M. gracilis tolerably closely, so far as can be judged from dried

material.

t Ann. Mag. Nat. Hist. (8) svii. pp. 176-179, 1916.
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The Ear, Vibrissce aitd lihinarium.

The Ear.—The only description of the ear of Mongooses with

which I am acquainted is that of Boas (' Ohrknorpel und ausseres

Ohr der Siiugetiere,' p. 140, pi. xxi. iig. 222, Kopenhagen, 1912),

who examined this organ in the common Indian species ZTer^estes

griseus ( = Mungos mungo).
The ear differs in the following particulars from that of all the

genera of Viverridse discussed in my previous papers :—(1) The
marginal bursa is absent

; (2) the siq^ratragus or plica 2irincipalis

is converted into a large movable laminate flap ; (3) above the

supratragus there is a similar but smaller flap
; (4) the antero-

internal ridge curves abruptly backwards into the cavity of the

ear, its inferior prominence being set high up and fitting into a

hollow above the antitragus. By the disposition of these ridges

the cavity of the ear is capable of being very completely closed

when the ear is folded. The superior flap closes over the space

above the supratragus, the latter similarly shuts down upon the

antero-internal ridge, and the prominence of the latter fits into

the space above the antitragus, which is itself applied to the ridge

representing the tragus.

In nearly all the genera the ears are set well behind the eye,

are irregularly semicircular in shape, and small, so that the upper
margin hardly projects above the line of the occiput and of the nape
of the neck ; but in Cynictis they are much larger, project well

above the head, and have the antero-superior rim rising only a

little behind a point above the posterior angle of the eye. In its

structural details the ear in this genus is of the same general

type as that seen in Mungos, Crossarchus, Bdeogale, and others,

with the exception that there is a small shallow pocket behind
the antitragus (text-fig. 3, A, C). I have not observed this in

any other genus, but it is no doubt the homologue of the similarly

situated depression in the Hysenas, which was regarded by Boas
as the representative of the marginal bursa in other ^luroid
Carnivores.

It is perhaps significant that this remnant of the bursa

persists in the genus which of all the Mongooses has the longest

and broadest ears and approaches, in that respect at least, nearest

to the Hytenas. Nevertheless, the ear of the Hysenas, except

for the abnormal position and structure of the bursa, resembles,

broadly speaking, that of other ^luroidea *. Some species of

Mungos, e. g. M. gracilis (text-fig. 1, A), have much larger ears

than species like M. micngo and M. smithii. In Ichneumia albi-

cauda (text-fig. 1, D) they are also tolerably large ; whereas in

Atilax paludinosus (text-fig. 1, C), Ariela fasciata and Cross-

archus obscurus (text-fig. 2, A, B) they are comparatively small

and rounded. Nevertheless, whatever their size may be, the

«ars conform closely to the type described in Mungos mungo and
M. smithii.

* See Ann. Mag. Xat. Hist. (8) xvii. p. 333, 1916.

f
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One genus, Suricata, stands quite apart from the others in the
structure of the ear (text-fig. 3, B, D). This organ is small.

Text-figure 1.

A. Head oi Mungos gracilis, from a spirit-specimen, with ear open.

B. „ Selogale tmdiilata, from a fresh specimen, „ „

C. „ Atiiax paludinosus, „ „ „ „

D. „ Ichneumia albicauda, „ „ „ ,,

(All f natural size.)
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semicircular, and set well back and low down on the head, but it

is of a much simpler type than in other genera. There is no
lamina above the supratragus, and the latter is a simple thickened
ridge. In other respects the ear resembles that of the rest of the
genera of Mongooses, differing from the ear of all the Yiverridse
in the absence of the bursa and the high position of the pro-

minence of the antero-internal ridge above the antitragus.

Amongst the ViverridsB, the Galidictine * genera are those
which in the structure of the ear come nearest to Suricata.

Text-fiffure 2.

A. Head of Arielafasciata, from a fresli specimen, with ear closed.

13. „ Crossarchus ohscurus, „ „ „ „

(Both f natural size.)

The ear of Sttricata, in spite of the absence of the two movable
laminte, is capable of being closed as tightly as in other members
of this group, the supratragal ridge assuming an oblique direction

and being pressed against the antero-internal ridge when the ear

is folded. That being so, it is difficult to understand the reason
for the development of the two laminae in the typical Mongooses.
I think, however, it is probable that the close folding of the ear

is an adaptation to the known burrowing habits of this group,

* Ami. Mag, Nat. Hist. (8) xvi. p. 354, pi. xv. fig. 4>, 1915.
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since the Civets, Genets, and Palm Civets, with normal ears, are

either scansorial or terrestrial, but not fossorial *. In that case,

Text-figvire 3.

A. Head of Gynictis penicillata, from a spirit-specimen, with ear open. X f.

B. „ Suricata suricatta, ,, „ „ ,, „

C. Ear of Mungos smithii, open.

D. „ Suricata suricatta, closed.

E. „ Cynictis ptnicillata, closed.

v., upper valvular lamina ; s., supratragus (plica principalis), forming lower

valvular lamina; b., bursa; ad., antero-internal, a.e., antero-external,

/p.e., postero-external ridges.

it seems to me possible that the method of closing the ear by

means of two laminse, as above described, may serve the purpose

* Not ascertained in the case of the Galidictinse.
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of excluding dust and dirt without at the same time excluding
sound-vibrations to the same extent as does the arrangement for

folding seen in Suricata.

Facial Vibrissce.—In number and disposition the tufts of

vibrissse are quite normal and agree with those of the Viverridse.

But they vary a good deal in development in different forms.
Broadly speaking, they are longer and more numerous in smaller

than in larger species, as may be seen by comparing Mungos
gracilis with M. mungo or Ichiieumia albicaada with Ariela

fasciata and Crossarchus ohscurus. For instance, the upper
genal tuft consists of about three bristles in Af, gracilis and
Ariela fasciata, and generally at all events of only one, which is

not always detectable, in M. mungo and Ichneiwiia.

An exception to this generalisation is seen in Atilax ixdu-
dinosKjS, one of the largest members of the group. The normal
vibrissse are long, and the anterior mystacials and the submentals
are unusually copious and long, giving to the muzzle a hirsute

appearance not seen in other species where these particular

bristles are comparatively poorly developed (text-figs. 1, 2, & 3).

Rhinarium.—This organ presents no features by whicli it can
be distinguished from that of all genera of Viverridse. Within
the group of the Mongooses it is tolerably constant in form. Its

upper anterior margin, viewed from above, is evenly convex from
side to side and not mesially notched or sulcate ; from the front

it is nearly straight or lightly convex, with rounded angles. On
the upper surface the narial slits converge slightly, or somewhat
markedly, as in Atilax, and are bordered externally by a narrow
rim of naked integument ; the posterior border is usually lightly

concave, but in Atilax the hairs of the muzzle overgrow it

to a greater extent, forming an angular excision in the naked
skin. The infranarial portion of the anterior surface is always
well developed, and generally transverse from side to side along
the lower margin ; but in Atilax paludinosus, in which the
whole rhinarium is broad, the infranarial portion is especially

deep and its edges diverge a little upwards and outwards from
the middle line. The median sulcus, with which the anterior

surface is marked in some forms, never appai-ently passes higher
than the upper edge of the nostrils.

As has been pointed out by Gray, Thomas, and others, the
inferior edge of the rhinarium may or may not be continued
down the middle line of the upper lip as a strip of naked skin.

This strip is present in the genera Mungos, Helogale, Ichneumia,
Atilax, Bdeogale, and Cynictis*, and absent in Rhynchogale '^

,

Ariela, Crossarchus, and Suricata, in which the skin of the
upper lip is continuously hairy across the middle line. When
this strip is present, it is always grooved, and in a great majority

* In tlie 'Fauna of South Africa,' Mamm. i. p. 73, 1900, Mr. W. L. Sclater places
Ci/nictis, with Suricata and Cy'ossarchus {= Ariela), in the category in which the
lip is undivided. This is an error.

t I have never seen a fresh or alcohol-preserved adult example of this genus.
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Text-fi£-ure 4.

A. Rhiiiariuin and upper lip of Atilax paludinosiis, from the front.

B. „ „ ,, „ „ from above.

C. „ „ „ Ichnewnia alhicauda, from the front.

1). „ „ „ ,, ,, from above.

E. „ „ ;, Mmiffos sinithii, from the front.

F. ., „ „ ,, „ from above.

G. „ ,, „ „ ,, from the side.

H. „ „ ,, Suricata suricatta, from the front.

I. „ „ „ Ariela fasciata, „

K. „ „ ,, Crossarchus ohscurus, „

(All natural size.)
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of cases the groove is continued upwards on to the rhinarium.
In Cynictis, however, the groove does not quite reach the
.rhinarium and is confined to the upper lip, where it is nothing
but an impressed line, not a definite gutter, dividing the median
naked area of skin. In the other genera of Mongooses possessing

this feature, the median naked area forms a gutter capable of

expansion and contraction. When conti'acted, it closes up com-
pletely and is represented superficially by a linear groove, the

right and left hairy areas of the upper lip being in contact

in the middle line. In Cynictis, therefore, we have a condition

of the upper lip nearly intermediate between the condition seen

in Alungos. with the guttered upper lip, and Ariela, with the

undivided upper lip.

The depth, or height, of the upper lip beneath the rhinarivim

vai-ies. In most genera it is less than the depth of the rhinarium.

But in Ichneumia albicauda the lip is deeper—as deep, indeed, as

the rhinarium. The same applies to Crossarchus obscui'ios ; but
in this animal the rhinarium is relatively much deeper than in

Ichneumia, owing to the unusual depth of the infranarial portion

in front. Hence the lip itself is also relatively deeper. It is

the combined depths of the rhinarium and lip which impart to

Crossarchus the very chai'acteristic somewhat pig-like appearance
about the snout—an appearance not noticeable in any other species

of Mongoose except Suricata *.

ISTormally in Mongooses, as in other Carnivores, the two portions

of the upper lip to the right and left of the groove are closely in

contact, the groove itself appearing as a narrow vertical line. The
function of the groove is to help the separation of the two halves

of the lip when raised to clear the teeth. When the groove is

obliterated, the snout is raised, thus drawing the lip upwards away
from tlie teeth, a phenomenon very noticeable in such forms as

Procyon and Nasua. In all Garnivora it seems that elongation of

the snout does not take place without obliteration of the groove
;

but the condition of the snout in Ariela shows that it is not

true to say that obliteration of the groove always accompanies
elongation of the snout.

The Feet.

Setting aside the variations recorded below, the feet of Mon-
gooses have the following characters in common. The claws

jire moderately long or very long, curved to a comparatively

small extent, and incapable of being lifted high off the ground
by the retraction of their jahalanx upon the outer surface of

the penultimate phalanx, and the tips of the digits at the base

of the claws are never provided with lobes of skin or thickly-

growing hair. The digital pads are small. The plantar pad is

* The name Mhinogale, and its'substitute Uliyncliogale, suggest a similar modi-
fication of tlie suout in that genus. The adult of this rare animal is, however,
.known to me onl}- from dried skins, in which the real length of the snout cannot be

• determined.

Proc. Zool. Soc— 1916, ^o. XXIY. 24
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well developed, cushion-like and trilobed, and the ai^ea between

it and the digital pads, whether webbed or not, is naked. The-

hallux and pollex, when present, are shortish or very short and

set above the plantar pad ; and the hallucal and pollical lobes of

Text-flgure 5.

A. Left i'ore. foot of Mmigos smitJiii. X
E. „ liind foot „ „ „

C. „ fove foot of Atilax paliidinosus. „

1). ,, hind foot „ ,, ,,

the plantar pad are small or obsolete, and detached from the

plantar pad. A single or double carpal i^ad is always present,,

and separated by a naked tract from the plantar pad.
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Judging froBi the analogy supplied by other Carnivores, the
ancestral foot of the Mongooses -was pentadactyle and plantigrade,
and furnished T\-ith -well-developed interdigital webs and naked
soles.

Text -figure 6.

A. Right fore foot oi Bdeogale puisa.

B. „ hind foot „ ,,

C. ., ,, Ichneumia albicauda.

D. „ fore foot ,, „

The feet of several of the genera conform to this type, and those

of Mungos may be taken as an illustration and as a standard

with which the feet of other genera may be compared.
24*
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In a specimen of Mungos smithii, a Oeylonese species, the fore

foot is entirely naked beneath as far back as the carpus. The

digits, when spread, are seen to be slightly asymmetrically

arranged. The four main digits are united by webbing which

extends proximally up to the inner or admedian portion of the

rather small digital pads. Nevertheless they are capable of

Text-figure 7.

A.LRight fore foot of Crossarchus ohscurtis.

B. ,, hind foot „ „

C. Left fore foot of Arielafasciata.

D. ,, liind foot „ „

being more widely divaricated than is the case in the arboreal or

terrestrial genera of Viverrinse and Paradoxurinye. The claws

-are longish. The pollex is quite short, does not project laterally

so far as the second digit, and is inserted higher up the foot

than the adjacent portion of the plantar pad ; its claw is well
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developed, but smaller than that of the other digits. The plantar

pad is swollen, trilobed and asymmetrical, the external lateral

lobe being a little larger and extending higher up the foot than

the internal lateral lobe. The distal margin of the median lobe

Text-fisure 8.

A. Right fore foot of Suricata suricatta. X §•

B. „ hind foot „ „ »

C. „ fore iooi oi Cynictis fenicillata. „

D. „ hind foot „ „ ;j

E. Left fore foot of Mungos gracilis. „

F. „ hind foot „ „ >,

is broadly truncated, and extends obliquely backwards and out-

wards to the point where it meets the external lobe. There is a

small pollical lobe, but it is detached from and higher up than

the posterior extremity of the internal lateral lobe of the plantar

pad. The larger carpal pad occupies a similar position with
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regard to the posterior end of the external lateral lobe. It is on
the outer side of the middle line of the foot, and between it and
the edging of hair there is a naked area of considerable size.

The hind foot agrees with the fore foot in all essential respects,

but the digits are more symmetrically disposed and the claws ai-e

shorter. There is a small detached hallucal lobe, and above the
latter and on the corresponding area on the outer side of the foot

there are feeble indications of right and left metatarsal ridges.

The whole of the metatarsus is naked, and the nakedness extends
to the tip of the calcaneum (text-fig. 5, A, B, p. 358).

Sketches of the feet of several examples identified as Mungos
miungo, the commonest of the Indian Mongooses, show a close

general resemblance to the feet of M. sniiihii described above,

except that the pollex and hallux are set a little higher and the
edges of the main interdigital webs ai-e a little more emarginate ;

but without further examples of M. smithii, it would be unwise
to attach systematic importance to these differences.

An example of M. auro2ninctatus from Chittagong also has
feet of this type ; but the interdigital webs are more emarginate
than in M. mungo—that is to say, when the digits are separated

the edges of the webs project to a rather lesser extent beyond the
lobes of the plantar pad. In this species, moreover, the hallux

is much smaller than the pollex, a disparity in size not noticeable

in the examples of M. smithii and M. muiigo examined.
The only representative of the African species of Mtmgos

I have examined is a spirit-specimen of M. gracilis *. In this

individual the feet are much more delicately formed than in the
Indian species, being narrower, with smaller pads and with the

webs considerably shallower even than in M. arti-o^ninctahis, and
both hallux and pollex are small and set high up the foot ; but
the claws of all the digits are short. Except for the shortness of

the claws and the retention of the hallux, the feet of M. g7'acilis

are nearly intermediate in structure between those of M. mungo
and Cynictis (text-fig. 8, E, F, p. 361).

Although the number of species and specimens of this genus
examined is small, a certain amount of variation in the depth of

the interdigital webs is noticeable. This feature will probably be
found useful for distinguishing species when investigated in forms
hitherto unexamined.
One other character is known to be variable, as Thomas has

shown for the African and Blanford for the Indian species,

namely, the extent to which the heel is covered with hair.

This feature may vary within the limits of a single species,

e. g. M. ichneum,on ; and in M, urva the upper part of the

metatarsus as well as the tarsus is hairy.

In Helogale the feet recall those of the Indian species of

Mungos^ but, if anything, are more robust, with the webs

* Peters figured the soles of the feet of this species under the name IK. ornatus
('Eeise nach Mossambique,' Saug. pi. xxvi., 1852). The shallowness of the webs
is shown, but details of the plantar pads are not indicated.
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more deeply emarginate. The hair on the carpus reaches the

carpal pad, which has a supplementary lobe at the base on
the inner (pollical) side. In the hind foot the hallux is small,

smaller than the pollex, as in Mungos aioropunctatus, and the

heel is hairy, when the hairs are not worn off.

Peters' figures of the feet of typical H. unchdata from
Mozambique differ in some respects from those of the examples
of this genus I have seen (' Reise nach Mossambique,' Saug.
pi. XXV., a, b). In the foi-e foot the hair does not reach the

carpal pad, which is small and single, and the pollex is set higher

up the foot. In the hind foot a larger extent of the underside is

overgrown with hair. But the complete absence of detail in the

outline of the plantar pads does not attest care in the execution

of these figures *.

The feet of aii example of Atilax paludinosus from South
Africa differ from those of Mungos in one or two particulars,

notably in the complete suppression of the interdigital webs,

the digits being separated right down to the plantar pad. Both
pollex and hallux are long. The plantar pad is elongated and
distally narrowed, the apex of the median lobe being less

truncated than in Mungos, and the two lateral lobes are set

relatively a little farther back. Small pollical and hallucal

lobes are retained, but are detached from the posterior angle

of the internal lateral lobe of the plantar pads. In the fore foot,

the carpal pad is elongated and set on the external side of

the middle line of the naked carpal area. The hind foot shows
no distinct traces of metatarsal pads, and in the example
examined the whole of the metatarsus was naked beneath, and
^ naked strip of skin extended along the underside of the heel

to its tip, but, as Thomas has shown, the degree of hairiness of

the tarso-metatarsus varies considerably within the species, this

area sometimes being naked as in the specimen described above,

sometimes the heel alone being hairy, and sometimes the hair

extending nearly as low as the plantar pad. I am not aware
whether geographical races have been studied from the standpoint

of this character, or not.

The absence of the interdigital webs in this Mongoose
constitute, in my opinion, a valid reason for resuscitating the

genus Atilax (text-fig. 5, C, D).

In an example of Iclmeumia alhicaiula from Dufile (White
Nile) the feet are slendei- and longish, with decidedly emarginate

webs, recalling in these respects those of Mimgos gracilis rather

than of M. mungo or M. smithii. The hallux and pollex, about

•equal in size, are set well above the plantar pad. The carpal

pad is semielliptical, of moderate sizfe and higher than the

* In s^'stematic works, SeJogale i^merelj' distinguished from Mmigos by the

suppression of the diastema between the canine and pm.^ of the upper jaw,

pm.' being absent, as sometimes occurs in Mungos. As living animals, Selogale
and 3Iungos are very different in appearance, the former being a squat little

creature vi'ith a comparatively short tail and a broad head \\itli short, pointed

muzzle.
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pollex, with only a narrow strip of naked skin above it. In
the hind limb the hairs, as recorded by others, extend all over
the back of the metatarsus practically down to the hallux.

Judging from dried skins, there does not appear to be any
marked variation within the species in the hairiness of the-

metatarsus (text-fig. 6, 0, D, p. 359).

This Mongoose is more digitigTade and stands higher on it&

legs than any member of the group of which I have seen living

specimens, not excepting even perhaps AfAlax 2)aludinosv,s.

In Ariela fasciata the fore foot closely resembles that of

Mungos except that the digits and the naked area behind the-

plantar pad are relatively a little shoi'ter, the claws longei', and
the interdigital webs somewhat shallower. The hind foot is-

rather narrower than in Mungos, the lateral interdigital webs-

are much more deeply emarginate, whereas the median web
between the third and fourth digits is about as deep as in

Mungos but ties the toes a little closer together. The hallux is

as large as the pollex. The sole of the foot is naked back to the
tip of the calcaneum, and a little behind the plantar pad there
are traces of suppressed metatarsal pads (text-fig, 7, C, D, p. 360).
The fore foot of Crossarchus ohscnrus does not differ from that

of Ariela fasciata except that the carpal pad is larger and has a
small supplementary lobe on its inner or pollical side, as in

Helogale, but detached from the main part of the pad. The
hind foot is relatively shoi^ter than in Ariela fasciata, owing to
the shortness of the third and fourth digits. In the specimens
examined, the heel, when unworn, is hairy*, the naked area of

the metatarsus corresponding exactly with that of Helogale.

This area exhibits a pair of low elongated metatarsal pads, of

which the external projects farther forwards than the internal
(test-fig. 7, A, B).

In Cynictis jy^nicillata the hind foot, as has been often stated,,

is hairy below down to the plantar pad, and diflfers from that of

the genera hitherto recorded in the total suppression of the
hallux. The whole foot is comparatively long and narrow, and
the Avebs are very shallow, those between the second and tliird

and the fourth and fifth digits extending only slightly beyond
the plantar pad on each side, and although the web between the-

third and fourth digits is a little deeper, it only passes about half-

way up the admedian margin towards the digital pads, which,
like the digits themselves, are narrows The claws are long. The
three lobes of the plantar pa,d form a tolerably evenly cordate
mass narrower than in Mungos and Crossarchus. The fore foot

closely resembles the hind foot, but the claws are longer, the
interdigital webs are a little deeper, and the pollex, carrying
a long claw and set high abov« the plantar pad, is retained^

although short. The area between the plantar pad and the small
submedian carpal pad is quite naked (text-fig. 8, C, D, p. 361).

* Perhaps a variable character, since Thomas (P. Z. S. 1882, p. 86) mentioned
the nakedness of the hind soles amongst the generic characters of Crossarchus.
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The genus Paracynictis *, recently established for the species

described by de Winton as Cynictis selousi, seems to resemble

Cynictis in the structure of the feet except that the pollex is

suppressed, as well as the hallux. In this respect the feet

resemble those of Suricata and Bdeogale.

The feet of two species of Bdeogale, namely, B. puisa and

B. crassicauda, have been figured by Peters t. Although the

details of the plantar pads are not very clearly shown, the

drawings are tolerably accurate, judging from a spirit-preserved

example of B. jniisa, ticketed " Zanzibar (Sir J. Kirk)," in the

British Museum. In this example the feet are, on the whole,

very symmetrical with respect to the plantar pads and the digits.

The latter are shorter and a little thicker than in Mungos, but

are webbed approximM.tely to the same extent. There is no

trace externally of hallux or pollex. The carpal pad is large and

submedian in position, but with a slight external inclination.

Behind it there is a small triangular area of naked skin, and in

front of it a broad naked area separates it from the plantar pad.

All trace of the pollical lobe has disappeared with the pollex.

In the hind foot there is a semicircular area of naked skin

behind the plantar pad. Apart from this, the entire posterior

surface of the metatarsus is covered with hair; and judging from

dried skins, the hair in some species extends right down to the

plantar pad. In other respects the structure of the feet in this

genus is apparently tolerably uniform (text-fig. 6, A, B).

The last of the tetradactyl Mongooses is Suricata. In length

and narrowness the feet resemble those of Cynictis. The claws

are perhaps a little longer, and the webs are deeper, but they are

not so deep as in Mimgos, being developed to approximately the

same extent as in Ariela. On both the fore and the hind foot

the web between the third and fourth digits is deeper than the

others, and on the hind foot the web between the third and fourth

is deeper than that between the fourth and fifth digits. The

digits are less symmetrical than in Cynictis, and markedly

asymmetrical as compared with those of Bdeogale. The carpal

and plantar pads are normal in development, and the external

lobe of the plantar pad .of the hind foot is larger, sometimes

much larger than the internal lobe. The area above the plantar

pad on the hind foot is naked to the tip of the heel, and towards

the heel this area rises into a wide, low, laterally expanded pad-

like eminence which gives a sinuous outline to the naked tarso-

metatarsal area+ (text-fig. 8, A, B).

* Ann. Mag. Nat. Hist. (8) xvii. p. 177,1916. An examination of dried skins

suggests that the area between the carpal and plantar pads may be overgrown with

hair, thus contradicting the geueralisatiofi (p. 358) as to the nakedness of this area

in Mongooses.

f ' Reise nach Mossambique,' Saag. pis. xxvii. & xxviii., 1852.

X Accounts of the metatarsal area vary. Thomas and, following him, W. L.

Sclater correctly described this area as naked. But Mivart and, following hini,

Flower and Lj-dekker wrongly described it as covered with hair. Its naked condi-

tion does not seem to be subject to variation.
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From the accounts above given, it is clear that the feet of

Mongooses exhibit a wide range of variation in such characters
as the numbers of the digits, the hairiness of the tarso-metatarsal
area, and the presence and extent of the interdigital webs. These
characters are either invariable or subject to much less variation
in other groups of corresponding rank amongst the -<951uroidea.

There is only one group of the suborder, however, which possesses
feet structurally lecalling those of the Mongooses, nameh% the
Galidictinse, the feet of which I have recently described and
figured *. Between the feet of Galidiciis and one of the penta-
dactyle, semiplantigrade Mongooses, like Miingos, thei'e appear
to be only two difierences which call for notice. In Galidictis

(and in Gcdidia) the pollex and the hallux are set lower on the
foot and project therefrom on a level with the internal lateral

lobe of the plantar pad, and the pollical and hallucal lobes of this

pad are better developed and in contact with the internal lateral

lobe. Hence the plantar pad is quadrilobate, Avhereas in Mungos
and all other genera of Mongooses the plantar pad is trilobate.

It may also be added that the metatarsal and carpal pads in
Gcdidia aiid Galidictis are better developed than in the Mongooses
and are double.

These differences are interesting because they show that the
feet of the Galadictines are of a more primitive type and, on the
whole, more Viverrine than are those of the Mongooses. Never-
theless it cannot be claimed either that the feet of Mungos difler

more from those of Galidictis than they difier from the feet of

Bdeogale, Atilax, or Suricata, or that the feet of Galidictis differ

more from those of Mungos than they difler from the feet of the
Paradoxurine genera or of Eiiijleres.

The Glandidar Anal Sac.

The presence of a glandular anal sac in Mongooses lias long
been known

; but its invariable occurrence within the group has
been disputed. I have found it without exception in all the
specimens I have examined, even in those belonging to species

in which its existence has been denied. Cuvier, for example,
said that the Marsh-Mongoose, which he named Atilax vansb-ef,
is without it. It happens, on the contrary, to be ratlier ex-
ceptionally well developed in that form (text-fig. 9, B, C ). It is

also present, though small, in JIungos auro2)unctatus, despite
Mivart's statement + that in a living example he examined " the
anus opened most distinctly on the surface of the body, and not
into a saccular depression." Since Mivart was probably the
authority for Blanford's declaration § that "this character is

* Ami. Mag. Nat. Hist. (8) xvi. pp. 351-356, pis. xiv., xv., 1915.

t St. Hilaire & Cuvier, Hist. Nat. Mamiii. ii. pt. 54, pi. 198, 1826.

X Proc. Zool. Soc. 1882, p. 178.

§ ' Fauna of Brit. India ' : Mammalia, p. 119, 1888. It is a pity Blanford did not
particularise the species, .and saj' whether his information was hased upon his own
observations or not. It may here be recalled that Murie and others entirelj' failed

to find the large anal sac in a living Spotted Hysena.
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ill-marked ^or absent in some of the common Indian species"

[of Mungos], it may be explained at once that Mivart evidently

Text-figure 9.

A. LongitudinaUsectionJof anal area of Atilax paludinosus, $ . -p., anal pouch:

gl., cutaneous glands of poucli ; o., orifice of anal gland ; a., anus ; r., rectum ;

sc, scrotum with testis.

B. Anal area of the same. Lettering as in A, with p., penis.

C. Anal pouch of the same, closed.

D. Anal pouch of Jc/niewmia. cdhicauda, $. Lettering as in A, with v., vulva.

E. The same of Cynictis penicillata (young $). Lettering as in B.

F. The same of Bdeogale puisa, ? . Lettering as in D.

G. Glans penis of Crossarchus, from below.

H. The same of Suricata.

I. The same of Cynictis.

K. The same of Mungos mungo.
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did not distinguish between the orifice of the sac and that of

the rectum which lies within it. That this would be a difficult,

task in a living animal is quite credible. Indeed, in such a form

as M. auropunctatus, it is easy at first sight to believe that the

sac itself is merely an enlarged anus, that its thickened rim is-

the anal sphincter, and that the small rectal orifice within the

sac arises from constiiction of the gut just within the anus ;

and this view would be sti"engthened by the discovery of the
apertures of the anal glands well outside the inner orifice and not

within it, where, by the analogy of other carnivores, they should

be situated if the orifice in question were the anus. There are

reasons which make me judge- that conclusion to be wrong.

In the first place, the external orifice of the sac is not shut by
the constriction of a circular sphincter muscle as the anus is ;

but when closed it forms a transverse, sometimes crescentically

upcurled, rima by the juxtaposition of its upper and lower

margins (text-figs. 9, C, and 10, A). In the second place, the

walls of the sac, sometimes at all events, show short hairs

projecting from the cutaneous follicles, suggesting its origin from
the involution of hairy circumanal integument. Finally, the

inner orifice itself is provided with a sphincter muscle. The
external position of the a,pertures of the anal glands, although

unusual, is not without parallel in the Carnivora, as is attested

by the condition seen in Hycena and Proteles.

In the Mongooses the position of these apertures varies.

Usually they are set one on each side of the anus, and tolerably

close to it (Mttngos mungo) or removed to some distance from it

(Ariela, Suricata). In other cases they are placed somewhat
(^Ichneumia) or considerably (^Cynictis) higher up in the anal

sac (text-fig. 9, D, E).

The secretion of these glands is always liquid and foul-smelling

and often copious. But, in addition, the free wall of the sac is

provided with well-developed cutaneous glands of the ordinary

kind, sometimes fairly miiformly distributed (Atilax), sometimes

especially active and large in a half circle above the anus

(Mtongos), sometimes located in definite paired areas of the sac.

Three of the genera, however, call for more detailed notice,

since the published descriptions of their glands do not agree in

all particulars with my observations.

When claiming for the first time the close and congeneric-

affiliation between Crosscirclais ohscurus and Ariela fasciata^

Thomas added the following paragraph (P. Z. S. 1882, p. 86,

note) :— " Since the above was written, Prof. Mivart has pointed

out to me that the researches of Chatin into the structure of the

anal glands of the Carnivora (Ann. Sci. Nat. (5) xix. p. 89, 1874)
fully confirm the opinion here expressed as to the generic re-

la.tionship of the Striped Mongoose
(
C.fasciatfis) with C. obscicncs."'

Chatin does not, however, mention C. ohscurits in the paper

referred to ; and that Thomas was misled by Mivart is clearly

shown by the remarks of the latter on the subject in question
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Text-figure 10.

vulva.A. C]osei nual ssic oi Helogale nndulata, ^

B. Aual sac of the same, partially distended.

C. Anal sac of Selogale undulata, (J, on a larger scale, full^- distended, and

showing glandular pouches or depressions, a., anus; o., orifice of anal

gland; sc, scrotum.

D. The same of Arielafasclata, ? . Lettering as in preceding figures.

E. The same, dissected and seen fi'om within, showing the single pair of normal

aual glands {a.g.), that of the left side opened to show orifice (o.) into sac;

r., rectum turned aside.

F. Anal sac of Crossarclius ohscurus, ?, cut from below and spread open.

r., rectum, cut opeu ; .v., fine cutaneous ridges extending'from upper margin

of sac to anus ; other lettering as above.

G. The same anal sac shown partially distended when the tail is raised.

H. Anal sac of Suricata siiricatta, 2 , distended to show the glandular depressions,

with the scrotum-like swelling between the vulva and the lower rim of the

sac.
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(P. Z. S. 1882, p. 183) :—"The anus opens into the middle of a
very large and deep fossa, into which several pairs of anal glands
also open. The structure of these parts is described by M. Chatin

as they exist in both species. The condition found in C. obscurus

is described by him in .... 0. R. Assoc. frauQaise, i. p. 557, 1872.

The parts of C.fasciatus are described and figured by him (under

the name of Herpestes fasciatus) in the Ann. des Sc. Nat. vol. xix.

(5th series) 1874, p. 89, figs. 29-33 & 38. No less than five

pairs of glands are arranged about the anvis, and pour their

secretion into the capacious and naked anal pouch."

Reference to these two papers shows that the second is merely
an amplified edition of the first. G. obscicrus is not mentioned
in either. It is C. fasciatus that is described in both, and Chatin
does not even quote the first publication in the second. He was
clearly unacquainted with 0. obscurus, at all events so far as the

organs under discussion are concerned. Hence Mivart's above
quoted summary of Chatin's description of the anal sac and
glands in Grossarchus applies solely to C. fasciatus, and Thomas's
claim of affinity between the two species derived from Mivart's

information falls to the ground.

In a male and a female example of Crossarchus obscurus (text-fig»

10, F, G), I find the anal sac and glands resemble in a general way
those of typical Mongooses of the genera Mtmigos { = Herpestes),

Bdeogale, and Helogale. The anus is sunk in a central subcircular

depression surrounded by an upstanding thickened rim which is

about eqiial in thickness to the transverse diameter of the

depression. The skin of the superior or caudal area of this

thickened rim is furnished with a number of fine longitudinal

laminpe which pass into the centi-al depression above the anus,

where they break up into wrinkles set for the most part trans-

versely between the anus and the two orifices of the anal glands.

These orifices are quite conspicuous, open in the ordinary position,

and lead into glandular reservoirs of average size.

Thus the anal glands and anal sac in both sexes of Crossarchus

obscurus difi"er very considerably from those of the male Ariela

fasciata described by Chatin.

A female of Ariela fasciata, or of a closely-allied form brought

by Mr. G. Blaine, FiZ.S., from the Sudan (text-fig. 10, D, E),

has a very large anal sac as compared with that of most species

of Mongooses. Its surface is marked with three pairs of integu-

mental folds or depressions—two pairs above and one pair at the

sides of the anus. The depressions of the upper of the supra-

anal pairs are situated close together immediately beneath the

upper rim of the anal sac, and are sunk in a common fold of the

skin. Those of the lower of the supra-anal pairs are beneath

them, but more widely separated and nearer the anus. Those of

the lateral pair are placed far out towards the lateral rim of the

anal sac. They are much longer than the others, and approxi-

mately follow the curvature of the rim of the sac, but come to an
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end on each side before reaching the middle line beneath the
anus.

Each of the depressions or folds above described contains a
small glandular pit with several secreting pores, and the glands
beneath these pores appear to be simple enlargements of the
ordinary sebaceous or follicular glands of the skin. It is quite
clear that none of them represents the true anal glands of other
Carnivores. The orifices of these are situated on each side of

the anal sac close to the inner margin of the lateral folds. The
glands themselves are a pair of large muscular sacs filled with
dark-coloured, strongly smelling, oily fluid which escapes to the
exterior through the orifices above described. These glands
are quite different from the smaller glands of the anal sac

in their size, their saccular character, and the nature of their

secretion.

The character of the anal glands in this Sudanese female
example of Ariela fasciata explains much that was puzzling in

Chatin's description of the glands in a male of the species from
South Africa. As has been already stated, Chatin assigned to

that species five pairs of anal glands opening by as many orifices

in folds upon the surface of the anal scent-pouch. These glands
he named the anterior, the lateral, the intermediate, the lateral

posterior, and the median posterior. It is not easy to homologize
all of these precisely with the glands I have described in the
female. But judging from their position and size, the lateral

glands appear to be the true anal glands, the median posterior

are evidently those that I have called the upper supra-anal,
while the intermediate and anterior probably correspond respect-

ively to the lower supra-anal and the lateral, the lateral portions
being undifferentiated in the female.

The principal difference, however, between the glands of the
two animals consists in this :—In the female the secondarily
specialised glands appear to be ordinary sebaceous or follicular

glands but little modified and quite distinct from the true anal
glands, whereas in the male they have been modified so as to

resemble approximately the true anal glands—that is to say, each
consists of a wall of secreting cells surrounding a sac or hollow for

storing the secretion, which is similar in nature to that of the
anal glands in being brown in colour and foetid in odour. This
secondarily acquired similarity—an exceedingly interesting fact

—

seems to have misled Mivart into thinking that the two normal
anal glands present in all ^luroid Carnivores had become broken
up, as it were, in the male Ariela fascinta into the five pairs of

glands described by Chatin (Ann. Sci. Nat. (5) xix. pp. 89-93,
pi. iv. figs. 29- 30, 1874).

The existence of a pair of saccular anal glands in Suricata was,
as Mivart states, recorded by Daubenton. To this Mivart adds :

—

" The anus opens into the middle of a very deep fossa, deeper than
that of Bdeogale and like that of Crossarcluis. ... I strongly^
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suspect, from the form of the anal pouch, that there are here, as

in Crossarchus *, several pairs of anal glands."

This is not the case in the examples of Suricata suricatta

I have examined.

In a male the anal sac resembles that of Mungos mungo in a

general way, but is relatively larger. It is marked on each side

of the anus by a transversely oblique slit-like depression, and not

with several depressions as in Ariela fasciata. Its surface is

pitted with comparatively large and quite conspicuous hair-

follicles, and from most of these, perhaps all normally, a single

hair or a little tuft of hairs arises. Under pressure liquid

secretion can be squeezed from the pores of these follicles, which

are particularly numerous in the oblique depression above

described. When expanded, the depression is seen to curve

downwards towards the lateral margin of the anal pouch, and

the orifice of the anal gland is situated just below its deepest

portion, but is concealed within it when the depression is un-

expanded. There is a single moderate-sized gland on each side,

as Daubenton said ; and I can find no evidence for the multi-

plication of similar glands such as Chatin described in the male

Arielafasciata. On the contrary, sections of the highly glandular

hair-follicles show them simply imbedded in the thickened skin

of the anal pouch without coalescing to form composite glands

with reservoirs for the storage of secretion. In its glandular

character the anal pouch I'ecalls that of the female Ariela fasciata,

with the exception that the hair-follicles are more irregularly

scattered and not aggregated in so many definite integumental

depressions.

In a female (text-fig. 10, H) the gland is similar to that of the

male, and apparently as well developed. The two orifi(;es of

the anal glands perforate the walls of the sac nearly midway
between its lateral border and the anus. The integument of the

sac round about them is pitted with lai^ge hair-follicles. These

also extend to the middle line of the sac both above and below

the anus, and there is an aggregation of larger pores lodged in a

depression just above the orifice of the gland on each side. As
in the male, this depression lies in the crease of skin formed

when the superior part of the sac closes over the inferior part

when the tail is lowered. There appears to be no definite

storage-sac beneath this cluster of follicles, and, as in the female

Ariela fasciata, the only reservoirs for secretion are those of the

pair of anal glands proper.

The only other genus which requires particular mention in

this connection is Helogale. In the male and the female of the

species identified as Helogale undidata (text-fig. 10, A, B, 0)

the anal sac is well developed and provided with supplementary

pouches. The anus itself lies in the centre of a slight depression

defined above by a fine but distinct cutaneous ridge. On each

* By CrossdrcJius Mivai't meant the species referred in this paper to Crossarchus

obscurus, which he erroneous!}- believed to have multiple anal glands, and Ariela

fasciata, in which many anal glands had been described by Chatin.
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side of the depression there is a small supplementary pouch a
little higher up than the anus. In the middle line of the sac,

nearly midway between the anus and the root of the tail, there
is a moderately large unpaired supplementary pouch, and on each
side of this, but a little lower down and about half-M'ay between
the anus and the margin of the sac, there is another moderately
large pouch. The orifices of the anal glands open just below
these in a line with the anus, but outside the central depression

in which the anus lies. Thus the anal sac of Helogale approaches
that of Suricata, and differs from the sac of any species of

Mungos I have examined.

Function of the Anal Sac.

On the material at my disposal I was unable to substantiate a
higher grade of development of the anal sac and its associated

glands in the male than in the female, or vice versa. On the

evidence, therefore, this composite glandular structure cannot be

included in the category of sexual organs except on the plea that

the secretions may help the sexes to find each other.

Captive Mongooses have the habit, also observed in Genets
and Civets, of rubbing the glandular surface against the walls or

projecting angles in their cage or against the legs of chairs and
tables in a dwelling-room. Hence it ma}'- be inferred that one

of the functions of the secretion is to make the animal's sur-

roundings smell of itself, and the scent so applied serves, I

believe, the purpose of familiarising the Mongoose with every

square yard of its environment, so that, independently of vision,

if need be, it can find its way with precision over any road it has

once travelled *.

Several of the Mongooses, too, like Cynictis, Suricata, Ariela,

and Helogale are gregarious t ; and of one species of Helogale at

least the habit of hunting in packs has been recorded. One of

the larger Indian species of Mongoose {M. vitticoUis) t has been
seen combining in pairs in pursuit of prey. And since specialised

cutaneous glands very often attain exceptional development in

gregarious animals for the purpose, presumably, of helping indi-

viduals to keep together, it is not imjDrobable that the secretion

of the glandular anal sac has a functional significance in that

respect in some of the Mongooses.

Finally, Hodgson's record § that the • secretion of the paired

anal glands in Mungos urva is " aqueous, horribly foetid, and
projectile to a great distance by the living animal," suggests that

* It is well known that most mammals have the habit of keeping to definite

beaten tracks. The advantage of this to species like rats and rabbits is verj' evident.

I have frequently seen rats escape from dogs by knowing exactly the position of a

pipe or of a hole in a wire-net fence. They make a bee-line for the spot at full

speed, and, apparently without ever seeing the hole, go straight through it, knowing
the precise direction to take by complete familiarit}' with the track, owing, I believe,

to the scent it holds.

t See W. L. Sclater, ' Fauna of S. Africa ' : Mammalia, vol. i. p. 69, 1900.

X Quoted hy Blanford, ' Fauna of Brit. India ' : Mammalia, p. 129.

§ Journ. As. Soc. Bengal, vi. pt. ii. p. 563, 1837; also my paper in Ann. Mag.
Nat. Hist. (8) viii. p. 756, 1911.

Proc. Zool. Soc—1916, Xo. XXY. 25
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this species at least makes use of the secretion in the same way
as the Skunk. I have never seen this species alive, and have
never noticed any Mongoose practise the habit ; but I have seen

the secretion of a dead Marsh-Mongoose {A. pahidinosus) issue,

under pressure of the gland, in a narrow jet as if propelled by a

squirt ; and since Mr. W. L. Sclater states that this animal is

able to diffuse a strong odour described as " sweet-sickening

"

from its anal glands, I suspect it is endowed with the same
power as M. urva. To me the scent of the secretion in ji . palv,-

dinosus is very nauseous.

The External Genitcdia.

In the male the glans penis is always short and smooth, and
emerges close in front of the scrotum as in the Felidse and
Nandinia. The orifice of the urethra is apparently always a

large and elongated slit opening in the middle of the underside

of the glans and not at its tip. The glans is laterally compressed,

usually much longer than wide, attenuated towards the apex, and
carries a bone or " baculum " which reaches the tip. In Suricata,

liowever, it is markedly piriform and considerably expanded
proximally, so that its width nearly equals its length (text-fig. 9,

G, H, I,K).
The vulva is only a short distance below, or in front of, the

inferior edge of the anal sac. The naked area is sometimes
broadly continuous with that of the sac, as in Bdeogcde 23uiscc

(text-fig. 9, F), sometimes connected with it by a narrow naked
tract, as in Ariela fasciata and Crossarehits ohscurus (text-fig. 10,

G),- or separated therefrom by a narrow tract of hair, as in

Helogcde undulata (text-fig. 10, A).

In the female of Siuricata Mivart drew attention to the

presence of a perineal swelling just below the anal sac, and
compared it to a small scrotum (text-fig. 10, H). A somewhat
similar swelling is present in the female of Mungos smithii

I examined. This swelling occupies the position of the perfume-

gland of the Civets and Genets. Since Mivart did not dissect

the swelling in Suricata, it may be recorded that it appears to

consist of fatty and not of glandular tissue. It is, in my oj)inion,

exactly compaiable to the scrotum-like excrescence so often

noticed in female Hysenas and to the apparently similar structure

observed by Lbnnberg * in a female Cryptoprocta. Since the

Mongooses resemble the Hyfenas and Cryptoprocta in possessing

a large anal sac, and have been compared with them in other

respects, the remarkable difl:erences in the structure of the penis

in the three groups must be borne in mind. In the Hysenas

(and Proteles) this organ is very long, fleshy, pendulous, and the

glans is short and boneless. In Cryptop?'octa the glans is ex-

ceedingly long, copiously armed with strong spicules, provided

with a long bone, and emerges a long way in front of the

scrotum,
* Bill. Svenst. Vet.-Akad. Handl. xxviii. Afd. iv. no. 3, 1902.
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12. Notes on the Sitatunga or Marsh Antelope o£ the

Sesse Islands, Lake Victoria Njanza. Bj Major
E, Meixektzhagex, F.Z.S.

[Received January 14, 1916 : Read April 4, 1916.]
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BuGALLA Island.

The southern end of Bugalla, the main island of the Sesse
'Group, was visited on the 21st, 22nd, and 23rd October, 1915.
In all seven mature buck were examined in the flesh, whilst
twenty-two mature buck and over fifty other buck, females and
young, were observed, some at very close quarters. The animals
were found to be so plentiful at one spot, that as many as twelve
warrantable buck, nine females, and five young were seen from
one anthill.

Colour, etc.—Old males appear typical of mainland specimens
;

a few white flecks and occasionally an obsolete sti'ipe can be
observed on the flank. Skin black and inclined to be hairless

between the horns. Hair very thin on the under parts, long and
coarse on the back.

Adult females were seen to be both dark brown and red, the
latter colour predominating in the proportion of seven to one.

Bed females invariably had red young. Brown females were
nev^r seen with young, and they may be old ones past beaiing.

All young seen were red, with white spots and flecks on the
flanks and hind quarters. Solitary young were often observed
lying in the open and away from their mothers. This is pro-

bably accounted for by the complete absence of any natural
enemies on the island.

Skin very greasy. On placing a freshly shot buck in the water,

a film of oil floated to the surface.

Skull and horns.—The amount of white at the tips of the
horns depends on the age of the animal. It seems that the horns
•of very old buck tend to lose altogether the white tips, which
are invariably present in younger individuals. Old buck wear
their horns to a considerable degree by rubbing them on trees

and anthills. This exposes the yellow under surface of the horn
^md adds considerably to its beauty.

The shape of the horns (text-fig. 1) is different from the usual
25*
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mainland type, having a wider splay. In specimens from the

mainland the horns do not usually diverge to any great extent,

the tips, however, nearly always showing a tendency to splay

out considerably, whereas in the Bugalla type the tips splay out

but slightly. Whether this type is constant or not on Bugalla

Island, I cannot say, but I never saw a " mainland " or " Nkose "

type on Bugalla Island, neither did I see a "mainland" or
" Bugalla " type on Nkose Island.
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The skuli, horn, and body measurements (in inches) of Bugalla

and Nkose Sitatunsra are as follows :—

-
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Text-figure 2.

A. Diagram of foot of the Bugalla Sitatuuga, for use with tables of
measurements on pp. 377, 381.

B. Hoof and false hoof of the Nkose Sitatuuga, one-half natural size.

C. Hoof and false hoof of the Bugalla Sitatunga, one-half natural size..
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Habits.—These Sitatunga appear to have developed the habits

of Waterbuck, living in the forest in the heat of the day and

coming boldly into open grass-land at other times. At about

5.30 P.M. they come out and walk straight away from the forest,

not hanging about the edge as Bushbuck do. Most animals

return to the forest about 8.30 a.m., though some were seen still

feeding on the open grass at 10.30 a.m. In the forest they lie

up in the densest thickets, but once in the open they appear to

be almost fearless. The firing of a rifle within 200 yards of

grazing animals did not always induce them to seek cover.

Though the human smell was always noted with suspicion, it was

not always treated with alarm.

The majority of the animals seen were on the edge of the

forest which grows along the shores of the island, but several

were observed among the reeds on the lake edge, and among bush

on the very tops of the grass-covered hills.

These Sitatunga are both browsers and grazers. They are

particularly fond of feeding along the edge of the forest, and on

two occasions buck were seen on their hind legs like goats,

browsing off forest shrubs. The stomachs of three buck examined

contained grass, leaves, and a little bark.

When alarmed the noise is a deep grunt, and I was unable to

distinguish between that made by the two sexes.

A slow stately Avalk seems to be the usual mode of progression.

I never saw one trot. When they make off they go clumsily,

dragging their hind legs with the slightest suggestion of a

kangaroo's gait. Their action when running or walking is very

high. They are very averse to facing a hill, either up or down,

and one buck, Avhich I compelled to gallop down a steep hill,

tripped over himself twice and completed the journey most

clumsily, but much to his own alarm, for not content with barking

and grunting at every bump he took on his downward journey,

he continued loudly to advertise his concern for nearly half an

hour later.

It will probably be found that this Bugalla type of Sitatunga

is entitled to subspecific rank, but not having had the oppor-

tunity of examining mainland specimens, no further remarks will

be made on this point.

Nkose Island.

Nkose Island, the southernmost of the Sesse Group, was visited

on the afternoon of the 23rd October, 1915. It is about

2000 yards long and 300 broad. Throughout its entire length

it is covered with dense forest, which overhangs the water's edge.

There is practically no undergrowth, but the tangled mass of

roots, creepers, and fallen trees makes progression difficult and
affords dense cover for the Sitatunga, which appear to lie up in

the thickest parts during the daytime. At the southei-n ex-

tremity of the island there is about an acre of short grass.
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In all I saw twelve warrantable buck and numberless females

and immature specimens. I killed one buck, and the rest of the

party killed an adult buck, an immature buck, and captured

a female and young, about a month old. I had exceptional

opportunities for close observation, for sitting by a game-
path I actually stroked several beasts as they walked slowly

past me.
These Sitatunga diifer remarkably from the Bugalla type.

Their colour, length of skull, type of horn, greater size and
weight, and different shape of feet appear to entitle them to sub-

specific rank, and I propose the name of Limnotragus spekei

sylvestris for this island form.

Colour, etc.—The adult male is of a uniform dull mouse -colour,

and not a dark brown. The legs have no sign of reddish marks.

There is no light mark on either the throat or under side of the

neck. The hair is thicker than in Bugalla specimens, and the

skin can seldom be seen through it, except on the under parts.

All females seen were red, no brown ones being observed. All

young were bright red, the one captured being well marked Avith

white flecks and spots on the flanks and hind quarters.

Skull and horns.—The shape of the horns is well exemplified

by the photograph (text-fig. 1). The horns of all I saw were of

this " bushbuck " type.

The animal is larger and heavier than the Bugalla type, as

will be seen by refei-ring to the table of measurements on p. 377
;

the smallest Nkose skull is | inch longer than the largest Bugalla

skull.

Feet.—The hoofs are, perhaps, the most distinguishing feature,

and this is well exemplified by text-fig. 2. The length of the

hoofs differs but slightly from that of Bugalla specimens, but they

are much stouter and stronger. The difference in shape of the

false hoofs in the two forms is shown in text-fig. 2, B, C
Neither of the three specimens shot had the small hair-patch on

the pad of indiarubber-like skin behind the hoof, Avhereas all the

Bugalla specimens had such a small hair-patch. The feet of the

young one captured were not abnormally long, in fact, no longer

than one would expect to find in a young Bushbuck of his

age.

Measurements of the feet are given in the table on p. 377.

Habits.—They are of necessity entirely browsers and eat a lot

of bark. They live in dense dry forest, seldom seeing the light

of the sun, for the small patch of open grass at the southern

end of the island was particularly devoid of tracks. It is un-

doubtedly these peculiar surroundings which have produced such

a peculiar form. Whether such a form exists or not on other

such small afforested islands of the Sesse Gi'oup is not yet known.
On Nkose Island there must be at least 200 individuals.
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Additional Note.—Since writing the above I have been able

to examine three adult males shot on Nkose Island in November
1915. The skulls, horns, feet, and colour bear out what is said

above, the measurements (in inches) being given below :

—

* For explanation of these letters see text-fig. 2 A, p. 378.
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13. An Experimental Determination o£ the Factors which
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Introduction.

It is an undisputed fact that patterns often render animals
inconspicuous in Nature. These patterns have definite cha-

racters on which their inconspicuousness depends, and in a

previous paper (P. Z. S. 1915, p. 679) some of these characters

were defined. Just as against any single background, or against

any series of backgrounds, patterns can be placed which will

appear inconspicuous, so other patterns can be placed which
will appear relatively conspicuous. Experiments were carried

out to determine the characters which render patterns con-

spicuous, and these are dealt with in Part I. of this paper.

Having defined the factors for conspicuousness, the Indian
Diurnal Lepidoptera were examined to see whether any of

these insects presented patterns which must render them con-

spicuous. Part II. deals with this consideration.

Part I.

Scheme of Description.

Experiments were carried out with artificial patterns,

against artificial backgrounds. These are described under four

headings ;

—

(A) The consideration of plain objects against plain back-
. grounds.

(B) The consideration of patterned objects against plain back-
grounds.

(C) The consideration of plain objects against patterned back-
grounds.

(D) The consideration of patterned objects against patterned

backgrounds.

The experimental conditions are shown in text-fig. 1 ; standard

* Communicated by the Sbcbktaet.
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candles were used. In order to obtain a series of backgrounds
ranging from dark to light tone, the object was fixed on a
glass plate and was illumined separately from the background,
as shown in text-fig. 1, B ; by moving the background near to
or away from its illumination, and by using backgrounds of
different tones, it was possible to obtain every gi-ade of tone,
from black to white.

In these experiments tone is alone considered ; colour was
kept constant by using only black, white, and neutral greys.

(A) Plain Objects against Plain Backgrounds.

Plain objects may enter into consideration of pattern, because
they are in reality objects covered by a very small pattern.
The visibility of plain objects was found to be afl:ected by the
following factors :—the human eye, the lighting, the atmosphere,
the background, and the object.

The human eye, even when it does not present some gross
defect, nevertheless is found to vary from individual to indi-
vidual ; so that the readings made by one person cannot be
directly compared with those of others. Working with the
same eye, several factors afifect visibility ; if the eye be allowed
to become fatigued, the greatest distance at which objects can be
seen is much reduced. Experiments showed that from thirty to
forty observations could be made during two hours without
encountering fatigue effects.

Some time must be allowed for the eye to become accommodated
to a sudden change in illumination : for a change from daylight
to almost complete darkness, twenty minutes is necessary;
working with two standard candles, it was found that fifteen
minutes must be allowed.

The eye was also found to vary somewhat from day to day

:

health and general fatigue are probably the cause of these
variations. Owing to this, one cannot directly compare the
reading of one day with that of another. The accuracy with
which measurement can be made is indicated in experiment
no. ].

The eflfect of the opacity of the air on visibility does not enter
into these experiments, as no measurements beyond eighty feet
were made, and observations were not made during fogs.

The Effect of Lighting.—Experiments showed that the greater
the illumination the greater the distance at which objects can be
seen, all other factors remaining constant.

The Effect of the Background.—A plain object is visible at a
great or small distance according as to whether the difference in
the amount of light coming from the object and the background
is great or small. A white object is more visible against a black
background than against a grey one, and more visible against
a dark-grey than against a light-grey one. Experiments were
not carried out to define this relation more accurately ; but the
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Text-figfiire 1.

385

V

bK
E B

1 foot.

Ground plan of apparatus used for measuring visibility of objects and blending

distance of patterns. A = when object and background are illuminated by tlie

same ligbt. B = when illuminated by ditferent light.

c=standard candles, i'= screens, E=eye, B=background, o= object,

G=glass plate.

Experiment No. 1.

A. Candles 1 ft. apart :' conditions as in text-tig. 1 : candles distant 1 ft. from glass

plate on which object was placed : background of grey paper 2 ft. from glass

plate. Object of black needle-paper, 36 sq. mm. The following ten readings

(in feet) of the greatest distance at which the object could be seen, were made at

intervals of five minutes :—72, 72-8, 72-9, 72-8, 74-4, 73-4, 74-1, 73'5, 727, 72^9.

B. Candles 1 ft. apart : patterns 2 ft. 1 in. from candles : pattern consists of

alternate black and white squares, 25 sq. mm. : pattern covered. 16 sq. cm.

The following ten readings (in feet) of the distance at which the pnttern

blended into "an even a,-rey tone, were made at intervals of five minutes :

—

31, 33, 33-6, 34-1, 34, 33-9, 34-5, 337, 33-8, 34-3, 34.

following experiment (no. 2) was made as it has a bearing on

the relative visibility of patterns, as will appear later. It shows
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that a constant-in-tone contrast between object and background
does not result in a constant visibility.

Text-fiijure 2.

^r
A

-t;\
^A-.

^A^-.

CX
-X

^-o--^

5 4 Sj^et.

Relative visibility of objects.

Ordinates = distance at which object is visible.

Abscissae = distance of candles from object.

X = white object against black background.

© = black object against white background.

EXPEEIMENX No. 2.

Experimental conditions as in text-fig. 1. Candles 1 ft. apart.

Materials:—Backgrounds: white, of white Bristol board 100 sq. cm.; black, of
black needle-paper 100 sq. cm. Objects :—White, of white Bristol board
4'5 sq. cm. ; black, of black needle-paper 4'5 sq. cm.

Results (mean of three observations).

When distance from white square was black square was
candles to obj
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ground is more visible than a black object on a white ground.
It can be seen (text-fig. 2) that the higher the illumination the
greater the difference ; at low illuminations the curves of visibility

approach one another (they would meet at complete darkness).

The same was found to be the case when object and background
were of different shades of grey, instead of black and white. The
light-grey object against the dark-grey background is more visible

than the dark-grey object against the light background.
It was thought that the lower visibility of the black object on

the white ground might be due to the dazzling effect of the
large area of white. It was found that reduction in the area of

the white background by means of black diaphragms produced
the opposite effect, and, further, that the nearer the diaphragm
was brought to the object the less visible the object became. It

was further found that when the white squai-e on the black
background was similarly surrounded by white diaphragms, the
same effect resulted (see experiment no. 3).

Experiment No. 3.

Experimental conditions as in text-fig. 1. Candles 1 ft. 6 ins. apart;
distance of candles from object, 2 ft.

Materials :—Backgrounds of white Bristol board and black needle-paper, 100 sq. cm.
Objects of same materials, 4'5 sq. cm. Black and white square diaphragms,
total size 100 sq. cm., with a central square hole :

No. 1. Size of central hole was 6i sq. cm.
„ 2. ,, „ 36

„ 3. ., „ 16

„ 4. „ „ 4

„ 5. „ ,, 1

„ 6. „ „ 0-16

White object on black background was visible at 45"5 feet.

When surmounted by No. 1 white diaphragm, at 40"7 „

„ 2 „ „ 37-6 „
3 „ „ 34-8 „

» ,,
4 „ „ 29-5 „

5 „ „ 24-0 „
6 „ „ 13-4 „

Black object on white background was visible at 38"4 feet.

When surmounted by No. 1 black diaphragm, at 32'2 „
2 „ „ 30-5 „
3 „ „ 30 „

4 „ „ 29-6 „

5 -> „ 21-7 „

6 „ „ 15-5 „

(Above readings are the mean of three observations.)

It would thus appear that light tone on dark is more visible

than dark on light. This has been considered to be due to the
eye recognising the object, in one case by a positive image,
in the other by the absence of stimulation. This fact is of
considerable importance in regard to the visibility of animals
in Nature : those exhibiting large areas of light tone must

\
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be considered to be, other things being equal, much more
conspicuous than those which do not. For instance, a light-

coloured butterfly flying across a meadow, or down a hedgerow,
is visible at a much greater distance than a dark one.

This greater visibility of light-toned objects in Nature can
easily be demonstrated by comparing the visibility of black

and white discs against a great nvimber of natural backgrounds :

only against snow and certain parts of the sky is the whita
the less visible ; against the vast majority of backgrounds the
white is very much more visible.

Text-figure 3.

%

^

^^

^

A'
/^

V
c.J2f

cr

r i 5 H »S- 3 3S /f 5 6 7 B 9
Visibility of objects in pi-oportion to size.

Ordinates = distance (in feet) at which object is visible.

Abscissse = size of object, in square millimetres.

EXPEEIMENT No. 4.

Experimental conditions as in text-fig. 1. Candles 1 ft. apart and 2 ft. from object.

Materials :—Black and white backgrounds of Bristol board and black needle-paper.

Objects:'—Black needle-paper of the following sizes: 2'5, 3'7, 4'8, 7'2, and
8'8 sq. mm. ; and white paper of the following sizes : 1, VQ, IQ. 2'8, and
3'5 sq. mm.

The above diagram shows the distance at which the black objects were visible

against the white background (X) and at which the white objects were visible

against the black background (0).

An even more convincing way of demonstrating this fact is to

take a series of artificial backgrounds, from white, through grey,
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to black : find the background against which black and white
are equally visible under some natural condition of lighting

—

for instance, in a wood ; now compare this background with

Text-fiffui-e 4.

H—4—

V«)
-O,-

'N.-Cd-

>4

V -

X'

Q- -

- -+
/ '

/

_--o/

JO^
(.r

Diagram showing the correspondence between the visibility of objects of different

shapes (circle, square, isosceles triangle, and rectangles) and the concentration

of their areas.

Experiment No. 5.

Candles 1 ft. apart ; objects distant from candles 1 ft. 6 ins.

Objects of black needle-paper, area 16 sq. mm. ; background of white Bristol board.

Objects. Distance at which Inverse figures,
visible, in feet.

Circle 59 170
Square 58 173

Isosceles triangle of 90° ... 53 190
Rectangle, 8X2 51 198

Rectangle, 16X1 38 263

(Mean of five readings to nearest whole number.)

Proc. Zool. Soc—1916, No. XXVI. 26
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Circumference

Area

2V''^-P _3-56

Square

(2 + 2V'2)a.-_4-83
Isosceles triangle of 90 p Z^'

^ , ,
Sx 5

Eectaugle,2Xi
;^;;2

= -•

T. 1-1 8'5a; 8'5
Kectansle, 4X3 - o = -.

"" a" a;

In text-fig. 4 the inverse visibility figures (X) are conventionally plotted with the

numerator of the periphery over area (®). It can be seen that the visibility

curve closely follows the concentration of area curve.

the surrounding natural backgrounds : it will be foiind that it

is very much lighter in tone than the lightest natural back-

ground which can be found in the wood.

On referring to the diagram (text-fig. 2, p. 386) it can be

seen that the difference in visibility between white and black

is greater at high illumination than at low. It follows that

at night white is, in Nature, not nearly so conspicuous with

regard to black as it is during daylight.

Diurnal animals presenting a large area of white or light tone

must therefore be considered to be much more conspicuous than

nocturnal animals similarly pattei-ned.

The Effect of the Object's Characters on Visibility.—The cha-

racters, size, and shape will affect the visibility of an object

when all other factors are kept constant. When the contrast

in tone between object and background is great (the object

being light in tone and the background dark), the human eye

is able to define an object subtending an angle of approximately

one minute. Distinction must be made between the ability to

define or focus, and that to see : the eye cannot define a star,

although it may be able to see it.

Keeping the shape of the object constant, experiments show
that visibility is directly proportional to size : the larger the

object, the greater the distance at which it is visible.

\\ hether the relation between size and visibility is the same

for all shapes has not been determined ; though during the

course of this and other investigations a lai-ge number of

shapes have been examined, no exceptions have been noted.

The visibility of objects is dependent upon their shape. Circles,

squares, triangles, and rectangles of the same area are not

equally visible. Experiments show that the moi'e concentrated

the area the greater the visibility.

In the following experiments concentration is measured by

the ratio of circumference over area, and it can be seen that the

distance at which the object is visible is inversely proportionate

to this ratio (see experiment no. 5).
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As a circle is the most concentrated form that an object can

have, therefore it is the most visible form. The ratio cir-

cumference over area only gives the concentration for simple

figures. Objects can be made of the same area and of the

same circumference but of different concentration. In these

cases concentration must be represented by the moment of area

round the centre of area.

Text-fis:ure 5.

1. ^.3.U

Vo\xT figures of the same area and of the same circumference but which are not

equally visible. The coucentration of their areas is estimated by the length of

the cord joining the centre of area of the two triangles.

EXPBBIMENX No. 6.

Candles 1 ft. apart. Objects distant from candles 2 ft. 1 in.

Objects of black needle-paper, of the same area and having the same circumference,

composed of two triangles as shown in the figure ; the longest side measured
I'l cm., the shortest '5 cm., and the angle opposite the longest side was a right

angle. Background of white paper.

Distance
Object. at which visible.

No. 1 51 feet.

„ 2 50 „

„ 3 47 „

» 4 4o-5 „

(Mean of six observations.)

The figure shows the lengths of the cords joining the centres of areas of the two
triangles; it can be seen that when the cord is short and the area therefore cou-
centratedj then the visibility is great, aud vice versa.

26*
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In experiment no. 6 mathematical expressions are avoided

by presenting the concentration as the length of a cord. Areas

of the same size and circumference, but of difierent concentration,

are dealt with in this experiment ; and the same conclusion is

arrived at, namely, that the more concentrated the area of the

object the greater its visibility.

This completes the consideration of plain objects against plain

backgrounds. The following facts have been observed :

—

1. The gi-eater the difference in the amount of light coming

from an object and background, the greater the distance

at which the object is visible.

2. A constant contrast in tone between object and back-

ground does not ensure a constant visibility. Dark

objects against light backgrounds are less visible than

light objects against dark backgrounds. This difference

is greater at high illuminations than at low ones.

3. The larger the size of the object, and the greater the

concentration of its area, the greater the distance at

which it is visible.

It follows that a plain object will appear conspicuous against a

plain background when the contrast in tone between object and

background is great, and when the object is lighter rather than

darker in tone than the background, and when its size is great

and area concentrated.

(B) Patterned Objects against a Plain Background.

As long as the pattern of an object against a plain background

is visible, the object must be visible. It follows that visibility

will to some extent depend upon the blending distance of the

pattern.

The following factors were found to affect the blending distance

of patterns : lighting, contrast in tone between the components

of the pattern, size of the components and shape of the com-

ponents, and the relative size of the components.

1. Lighting.— Experiments showed that the better the illu-

mination the greater the distance at which the pattern was

visible. A pattern which by day appears conspicuous, on account

of the long distance at which it can be seen, at night may be

difficult to see {e. g., the Zebra).

2. Contrast in Tone between the Components.—The greater the

contrast, the greater the blending distance of the pattern. A
chequered pattern of black and white is visible at a greater

distance than one composed of two shades of grey.

3. Size ofComponents.—The larger the components the greater

tl>e blending distance, all other factors remaining constant, as was

shown in my previous paper (loc. cit.). If there be components

of more than one size, then the smaller will blend first and the

larger at a greater distance.



PATTERNS CONSPICUOUS IN NATURE. 393

4. Relative Size of the Components.—For any given pattern
there is a particular proportion of the components which gives

the greatest blending distance.

Text-fioure 6.

T
6'>^ni,

3c)n

24teot
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same tone as the patterns after thej' have blended. Te-st-fig. 7 shows the
patterns used. The following table gives the length of the circumference of
the component and the blending distance :

—

or
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With plain objects the circle is the most visible shape which

they can have ; so with patterns, the circle gives rise to the

greatest blendine- distance.

Patterns composed of only two components requn-e special

consideration, as they have an important bearing on the subject

of conspicuous patterns, as will appear later. It has been seen

that the larger the pattern the greater the blending distance ; it

follows that, in order to give an object a pattern which will

blend at the greatest distance, onl}^ two components must be

used, thus making it as large as possible. To farther increase

the blending distance the relative tones of the two components

must be as far removed as possible, and at least one of the

components must have as concentrated an area as possible.

Text-fio^ure 8.

7 ''X/ r^^
1-6. Patterns in which one component has the most concentrated shape, namely a

circle, and is surrounded by the other component. 7-9. Patterns in which

neither component has the most concentrated shape.

If the object be a triangle, a square, or a circle, then these

conditions would be fulfilled in figs. 1-6 of text-fig. 8. These

patterns would blend at a greater distance than would those

shown in figs. T-9.

It has been seen that a third factor affects the blending

distance, namely, the relative proportion of the components.

If a series of circular objects be made, as in text-fig. 9, and be
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examined against a number of differently -toj:ied backgrounds, it

will be found that the blending distances are not the same for

different backgiounds. If, for instance, they be examined
against a white background, then in the case of nos. 1-7 no
pattern-blending occurs : the objects appear as black spots. If,

instead, the background be light grey, then the white blends

Text-figure 9.

A series of eye-spot patterns used in tlie experimeiit»clescribecl on p. 401, and set out

in Table I. The uppermost disc is white, the lowest black. The others contain

gth of white, either concentrated in the

! upperi

from above down |, |, f , |, |, f, and

centre, or in a ring round the periphery.

with the background and leaves the central black area visible

after the white has ceased to be distinguishable from the back-

ground. This difficulty can be overcome by joining up a number of

two-component patterns, and then finding the blending distance;

this has been done in the following experiment.



PATTERNS CONSPICUOUS IN NATURE. 397

# •

• • • •

• • • •

• • • •

• • • •

Experiment No. 9.

Tlie blending: distance of blaclc and vvliite spotted patterns, as shown in above
tigure. The percentage of white to black varied from 10 to 60 per cent.

Evperiniental conditions : Candles 1 ft. 6 ins. apart and 2 ft. 6 ins. distant

from the pattern, which was placed on a glass plate with a grey background
behind, as in experiment no. 8.
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The following diagram (text-fig. 11) shows the blending distance in feet, plotted
against the percentage of the spots to the whole pattern ; the X shows the white-
spot pattern, and the the black centre. It can be seen that the white spot shows
the greatest blending distance, which occurs when the white is approximately
20 per cent, of the whole.

Text-figure 11

W
So
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The consideration of tlie visibility of patterned objects against

plain backgrounds can now be resumed. As before mentioned,
a patterned object is visible as long as its pattern is visible ; it

follows that objects whose patterns blend at a great distance are

more conspicuous than tnose whose pattei'us blend at a short

distance.

There remains to be considered patterned objects which are

visible against plain backgrounds after the pattern has blended
at distance.

In a previous paper it was shown that, as regards visibility (as

measured by the greatest distance at which the object is visible),

patterned objects against plain backgrounds are neither more nor
less visible than plain ones. It was also shown that, where the
pattern interrupts the margin, the outline of the object appears
blurred and difficult to define after the pattern has blended at

Text-figure 12.

1-3. Patterns which do not interrupt tlie margins of the object. 4-6. Patterns

which interrupt two sides, three sides, and one side of the object.

distance. It follows that a further condition must be fulfilled in

order that a patterned object may be as conspicuous as possible

against a plain background : the pattern must present an un-

interrupted margin, for example, as shown in text-fig. 12, 1-3.

If these patterns be viewed from beyond their blending distance,

they will appear more defined than nos. 4, 5, and 6, in which the

pattern interi'upts the margin. Apart from this, the visibility of

pattei-ned objects be} ond the blending distance and against plain

backgrounds is similar to that of plain objects against plain

backgrounds. A patterned object can be made more conspicuous

against a series of plain backgrounds than can a plain object,

because, though a plain object can be made very visible against a

single plain background by a strong contrast in tone with the



400 DR. J. C. MOTTRAM ON

background, nevertheless, when a series of backgrounds are used,

then the object will appear inconspicuous against those similar, in

tone. On the other hand, with a patterned object, when the

background is similar in tone to one of the components, then the

other will make a strong contrast and cause the object to be

easily visible.

It has been seen that the greatest blending distance which a

pattern can have is one in which the white or lighter component
is concentrated in the form of a circle, and that an object is most
conspicuous against a wide series of backgrounds when it presents

a pattern of only two components. Experiments were therefore

made to discover which of two component patterns, the light-

centre one or the dark, is the more conspicuous against a wide

series of backgrounds. A series of discs were made, as shown in

text-iig. 9, and examined against a series of backgrounds in the

following manner :

—

Text-fig. 1, B (p. 385) gives a ground-plan of the experimental

conditions ; it can be seen that the backgrounds are illuminated

separately from the discs, which ai-e fixed to a glass plate. By
moving the backgrounds towards or away from the light, a

continuous and wide i-ange of tone in the background can be

obtained. First, the background of white paper was moved so

as to exactly match in tone that of the white in the discs.

Under these conditions the all-white disc was invisible ; of the

rest, the disc with a white centre, 7/8 of the whole, was found to

be the least visible, and next the disc with 6/8 Avhite centre.

The most visible disc was the all black.

The discs were examined in a. similar manner over a wide

series, and in each case the three least visible discs and the most
visible were noted ; the following table gives the results.

It can be seen that, except against 1 ackgrounds lighter than

the white in the discs, the black-centre eye-spots are less visible

than the white, and the appearances of the discs as seen from a,

distance show that the white-centre discs are the more visible.

The greater visibility of the white-centre eye-spots is especially

marked when the backgrounds approach the dark end of the

series; and as, as already shown-, the backgrounds in Nature are,

for the most part, of dark tone, it follows that white-centi'e eye-

spot patterns of two components must be more conspicuous than

black-centre patterns. Similarly, the white-centre pattern must
be more visible than any other combination of black and white,

because in this pattern the white is most concentrated, and there-

fore has the greatest visibility and the longest blending distance.

It follows that against a sei-ies of plain backgrounds, and especially

a series of relatively dark tone, the white-centre eye-spot pattern

is the most visible one that an object can have.
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The most conspicuous pattern that an object can have against
a series of plain backgrounds may now be defined :

—

(1) The pattern must consist of two components.

(2) The components must difier widely in tone (black and
white).

(3) The lighter component (white) must be concentrated at

the centre in the form of a circle.

(4) The darker component must sm-round the white so that
nowhere is there an interrupted margin.

(5) If the series of backgrounds be of low tone (as they are in

Nature) then there must be more white than black in the
pattern.

(C) Plain Objects against Patterned Backgrounds.

(1) If the object is visible after the pattern has blended at

distance, then the factors which control its visibility are the

same as those of plain objects against plain backgrounds. The
outline of the object will, however, api^ear blurred just as when
a patterned object, whose pattern is interrupted at the margin,
appears blurred when viewed against a plain background. The
conckisions are similar, the only difference being, that in one
case the object is plain and the background patterned, whereas
in the other the object is patterned and the background plain.

(2) If the object becomes invisible before the pattern of the

background blends at distance, then the object may be seen

against one component of the background ; in which case the

factors controlling visibility will be similar as are those of plain

objects against plain backgrounds, except that the near presence

of an area of different tone will afiect the visibility of the object.

A black square on the white component of a checkered back-

ground will be less visible than on a plain white background
(see experiments, nos. 2 & 3). With this exception, the factors

controlling visibility are similar- to those of a plain object against

a plain background. The object may be visible against two or

more components of the background. If the object is of the

same tone as one of the background components, then the object

will appear as a projection from the margin of one component.
Experiments were carried out to discover whether the factors

controlling visibility were different from those of a black object

against a white background, and it was found that, except for

the decrease in visibility due to the presence of an area of black

(in this case touching the object), the visibility was similar to

that of a plain object on a plain background, except that the

effect of shape of the object was rather different from its effect

when dealing with plain objects against plain backgrounds, as

seen in the following experiment *.

* This consideration has an important bearing on concealment b/ indented or
scalloped mai'gins ; a series of experiments has been carried out from this point of
view which, however, are only of present interest in so far as they show that an even
margin is a factor for conspicuousness.
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Text-fififiire 13

403

3 A
Objects of the same size but of different shape Ij'ing at the junction of a black and

white background as used in Experiment No. 10.

EXPEEIMENT No. 10.

The visibility of black objects projecting from the margin of a large black mass.

The objects are all of the same size but of different shape, as shown in the text-

figure.

Experimental conditions : Candles 1 ft. 3 ins. apart and 3 ft. 6 ins. from objects.

Object no. 1 visible at 57 feet.

„ „ 2 „ 54 „

„ „ 3 „ 'IS'o,,

„ „ * „ 32 „

Compai-e with Experiment No. 5.

The object may be visible against two or moi'e components of

a patterned background, and may be different in tone from
either component.

Text-figure 14.

/ X 3
1. A grey disc placed over the junction of a black and white background. If the

disc approaches in tone more nearl}^ the white of the background than the black

then from a distance it will be seen as in no. 2 ; if more nearly the black, then

as in no. 3.

If a grey disc be placed over a black and white junction, as in

text-fig. 14, and be viewed from gradually increasing distances,
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a point will be reached at which one half of the disc is blended

with one component of the background, whilst the other half is

seen as projecting into the other component. If the grey disc

more nearly approaches the black in tone than the white, then

at a distance it will appear as in text-fig. 14, 5; if it more
nearly approach the white, then as no. 2.

The following experiment illustrates this appearance :

—

EXPEEIMENT No. 11.

Caudles 1 ft. apai-t and 2 ft. distant from background.
Background half black and half white (7X5 ins.).

Objects circular, 20'4 sq. mm., eight in number and ranging in tone from black to

white. Objects placed exactly over the junction of the black and white of the

background.

Visibility distance.

1- Black ^^^^^..
, 1 Visible as a dark

t- ^", t; " ^i»<='^®s-
]. projection into the white of

3- Dark grey ^7 „ 5 „ C i'
^ the background.

4). „ „ ^U „ J

I- t'\, " io " t " 1 Visible as a light
6. Light grey ... 23 „ 5 „ f

projection into the black of

si White ::....::: 35 ;; 9 :; 3
the background.

An object was prepared of such a grey tone that it was neither seen as a white

nor as a black projection into the background's components. This object was the

least visible disc and visible at 16 ft. 4 ins.

Some similar experiments were carried out with backgrounds

composed of different tones of grey instead of black and white,

and it was found that the objects likewise appeared as projectors

into one or other of the components, according as to whether

the object more nearly approached in tone one or other of the

components.

If, for instance, the background was made of two dark grey

tones, then only the darkest objects appeared as black projectors

against the lighter of the two components.

As in Nature backgrounds are- dark in tone rather than light,

it follows that light grey or white discs will be more visible

under these conditions, i. e., when seen against two or more

components of a patterned background, than dark discs.

As mentioned in the last experiment, there is one tone of grey

against which black and white are equally visible, and when the

object is of this particular tone it never appears as a projective

from one component on to the other. Against backgrounds

composed of tones other than black and white, there is similarly

one grey tone which the object may have which will cause it to

give a similar appearance.

An experiment was carried out with discs of this tone to

discover whether the effect of size of the object was similar or

not to that found when dealing with plain objects against plain

backgrounds. As seen in the following experiment, the effect is

similar :

—
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ExPEEIlIEJfT Xo. 12.

Candles 1 ft. apart and distant 2 ft. from background.
Background as in Experiment No. 11.

Objects of various sizes were made of gre}' discs of such a tone that they were seen
neither as black nor as white projections into the components of the background.
These objects were placed over the junction of the black and white components
of the backgr-ound. The following table gives tlie visibility of the discs :

—

Size of
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as it will fall naturally under one of the conditions ah*eady

considered. For instance, a. very light grey object may resemble

the light square of the checkered background, both in shape, size,

and position, as in text-fig. 15, 2 ; but it can also be considered

under the heading " Objects falling on one component of the

background." If it falls as in text-fig. 15, 5, then on two com-
ponents of background ; if as in no. 4, then as an object visible

after the pattern has blended at distance.

It appears, therefore, that a direct i-esemblaiice does not
necessitate a sepai-ate consideration.

Conclusions.—The factors which make for the conspicuousness

of plain objects against patterned backgrounds appear to be
similar to those when plain backgrounds are used. If the

pattern of the background interrupts the object's margin, then
outline blurring occurs. The near presence, or contact with

the object, of an area of tone similar to the object makes it less

visible.

(D) Patterned Objects against Patterned Backgroimds.

If a patterned object be viewed against a patterned background
from gradually increasing distances, several different appearances

may be seen.

(1) The pattern of the object may blend before the pattern of

the background, in which case it will appear as a plain object

against a patterned background.

(2) The pattern of the background may blend before the

pattern of the object. The object will then appear as a

patterned one against a plain background.

(3) The patterns of object and background may both blend

and yet the object may still be visible against the background,

in which case the object will appear plain against a plain

background.

These three conditions have already been dealt with.

(4) A fourth appeai^ance may occur. The object may not be

visible, although neither its pattern nor the pattern of the

background have blended.

Before dealing with this appearance the first three must be

briefly considered. It has already been shown in my previous

paper (loc. cit.) that though a patterned object is not less visible

than a plain one, nevertheless, if the pattern interrupts the

margin, then its outline after pattern-blending appears blurred

and indistinct, as compared with a plain object of the same tone

as the patterned one after blending.

It has also been mentioned (p. 402) that outline blurring

similarly occurs when the object is plain and the background
patterned. It might therefore be concluded that against

patterned backgrounds the outline of a plain object would appear

just as blurred as that of a patterned one beyond the blending

distance of the background's pattern ; but when both the object's
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ipattern and the backgfound's pattern are blended, and provided
that both interrupt the junction of object and background, then
the blurring effect of these two interruptions are added, and
'Cause the junction of object and background to appear much
more indistinct than when only one pattern interrupts.

In text-fig. 16, if in each case the insects remain visible after
•the patterns are blended, then the outline of the patterned one
will be the more indistinct when tlie tone of the patterned insect
•after pattern-blending is the same as that of the plain insect.

Text-fisfure 16.

Visibility of insects on difFereiit backgrounds.

It follows that animals with a pattern which interrupts the
^m.argin will be less visible than plain animals against a patterned
background as well as against a plain one ; and further, that
-against a j)atterned background an uninterrupted margin will be
as necessary for conspicuousness as against plain backgrounds

;

in fact, experiments appeared to show that it was more necessary,

because the blurring effect of the background pattern required to

be counteracted.

In Nature, a pattern which interrupts the margin must be a
.great aid to concealment against j)atterned backgrounds, because
the backgrounds are irregular and the animal must often be seen
with one or more of its margins against a single component of

the background, as shown in text-fig. 16.

The conclusions as regards conspicuousness which have al-

j?eady been made must thus apply to patterned objects against
27*
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patterned backgrounds. There remains to be examined only

the fourth condition, in which the object cannot be seen though
both the object's and the background's patterns remain visible..

This invisibility is due to a great similarity between the patterns

of object and background in size, shape, and relative tone of the

components. It is obvious that the most conspicuous pattern

will be inconspicuous against a background made of a similar,,

or closely similar, pattern. For this reason, under these special

conditions, it is not possible to define a pattern which will be

especially conspicuous, unless the pattern of the backgi'ound is

also defined.

It may be concluded, therefore, that the pattern which has

been called the, white centre eye-spot pattern is a most con-

spicuous one against .eveiy backgroimd with the exception of

backgrounds themselves composed of eye-spot patterns. It follows,

that in Nature the white eye-spot pattern must be very con-

spicuous, provided that this type of pattern is not continuously

found as a background.

White centre eye-spot patterns in Natxire.—Natural backgrounds,

were examined in ordei' to discover whether this type of pattern

was to be found and to what extent, and it was at once noticed

that they were very uncommon ; a morning's foray amongst
woods, fields, hedgerows, and broken country resulted in only

a fcAv examples. It is not difficult to make such patterns-

artificially out of doors ; for instance, by laying round white

stones on circular patches of dark moss, by placing shining leaves,

over dark rough ones, by viewing pierced leaves against the light,

and in many other ways. Natui'al eye-spot patterns may be
conveniently described under the following headings :

—

1. On hare ground.—(a) Due to irregularities of the surface.

Working with plasticene the pattern can be produced by a

shallow conical pit with a flat bottom, by a truncated cone lying-

on its base, or by a cylinder standing in the middle of a cylindrical

depression ; in each case top lighting is necessary. Viewed from
above, a light centre dark-maigin ciiTular pattern is seen ; the

pattern does not perfectly reproduce the one desired, because

the centre instead of being lighter in tone than the background

is either of the same tone or somewhat darker. It is evident

that by artificial methods this pattern can only be reproduced

with difticulty, and thus its occuiTence in Nature must be very

i-are. By prolonged search isolated examples are to be seen.

(h) Due to the surface being of broken tones ; a light stone

or one reflecting the light from the sky when lying on a circular

dark patch will give rise to the pattern. Examples of this

nature are not difficult to find, but they are never numerous
and always isolated.

2. On grass and other short vegetation.—Except for flowers,

which are considered elsewhere, the eye-spot pattern is very

rarely seen ; occasionally light reflected from a shiny leaf supplies

an example.
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3. Rank vegetation.—Light from a shiny leaf, or a leaf in

strong light against shadow, occasionally forms the pattern.

4. Scrub, hedgerows, and ivood margins.—Circular leaves in

very strong light against dark shadows often give rise to a

pattern which is somewhat like a white centre eye-spot one,

but distinction must be made between a pattern consisting of

light spots on a dark background and the pattern under con-

sideration. The first is common in Nature ; the second requires

a light centre, a dull margin, and a background of a different

tone. Occasionally this arrangement is to be seen among
vegetation, but only isolated examples are to be found.

.5. Light looods.— Hei-e are sometimes to be seen patterns

similar to those described under the previous heading. Where
sunlight penetrates through foliage and falls on dark ground
or foliage beneath, white spots of light result, and when these

happen to fall on dark objects they produce the white centre eye-

spot pattern. According to the frequency with which they happen
to fall on dark objects is the prevalence of the pattern. When
the ground beneath the trees is much broken in tone, several

may be seen from a single station. Several conditions are,

however, necessary for their production—an uncovered more or

less vertical sun, a not completely dense canojDy of foliage, and a

broken ground beneath.

6. Heavy looods.—If the foliage be not too dense the pattern

may be produced as described in no. 5.

7. Sky.—On looking np at the sky through foliage, white

spots are to be seen in the inter^'als between the leaves and
where there are holes in them. If a white spot happens to be

surrounded by a dark shadow or a deep-toned leaf, then a white-

centre dark-margin eye-spot results. A small number of these

are always to be-seen. It may be pointed out that though man
is not accustomed to view foliage in -this way, many animals of

low stature and whose eyes are set looking upwards as well as

forwards must frequently ta.ke this view,

8. Water.—Very small pools of Avater when they reflect the

sky and when, as is often the case, they are surrounded by a

ring of moist and therefore dark-toned ground, have the appear-

ance of the eye-spot pattern. Foliage ovei'hanging water or

floating upon it also rarely gives rise to the same pattern, the

sky reflected from the water forming the white centre and the

foliage the dark ring. Drops of water and dew under some
conditions of lighting give rise to an abundance of the pattern

of a transitory nature.

9. Flowers.—By far the most common examples in Nature

of the eye-spot pattern are to be found in flowers. A dark

centre eye-spot is as common as a light centre. There can

hardly be a doubt that flowers are purposely conspicuous ; it is

therefore noteworthy that their patterns conform to the rules

which experiments have decided must be followed in order that

a pattern may be conspicuous in Nature.
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Flowers are, as a rule, circular ; their patterns consist of seldom
more than two components, one being concentrated in the middle-

in the form of a circle, and there is usually a strong contrast in

tone (and colour) between the two components.

It might be thought that these arivangements of pattern in

jBowers were due to convenience of growth ; but the eccentric-

shapes and patterns assumed where special animals are sought

for the purpose of fertilisation indicate that flowers are not

forced by growth to assume the circular shape and eye-spot

pattern.

In conclusion it may be said that, except in the case of flowers,

white-centre dark-margin eye-spot patterns are rarely to be seen

in Nature and are almost always isolated. Sunlight penetrating

through foliage on to broken ground and sky views tli rough
foliage a.re the two most common causes. As regards flowers,,

eye-spot patterns are very common, but the centre is as often

darker than the margin as vice versa.

It follows that animals presenting this type of pattern must
be considered to be conspicuous in Nature.

Part II.

Having by experimental methods defined the types of pattern

which render an object conspicuous, attention was turned to the-

animal kingdom to discover whether exampleKS of these types

could be found and, if present, what was their distribution.

Search was made among the Lepidoptera because their wings offer-

a plain, flat patterned surface, and thus the complicating fa,ctor

of solidity is avoided. Rather than search through a large

amount of material, it was decided to deal thoroughly with a
definite amount, viz., the Indian Lepidoptera. Moore's 'Lepi-

doptera Indica ' was the work chosen, because of its good coloured

illustrations of each species. On glancing through these plates

several types of pattern were found which previous consideration

showed would render these insects conspicuous. The first type

to be dealt with is shown in text-fig. 17. It can be seen that

the pattei'u consists of a central white, or light yellow, area

surrounded by a black margin, so that the four wings combined
present an irregular, white -centred, black-margined pattern.

The margin of the wings is, except in two cases (noij. 1 and ^),

not scalloped. The black marginal band is sometimes bi-oken

by small spots or bands of light tone, but only in the case of'

no. 2 is the margin interrupted by pattern.

This type of pattern presents, therefore, those characters which
previous consideration has shown must render the insect con-

spicuous in Nature : the table on p. 412 gives its distribution

among genera of the Indian Lepidoptera.

Scdatttra (text-fig. 17, 7) and Acidalia (no. 2) do not conform
to the type in several respects. In Salatura the centre white^
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area is broken up by dark bands, and in Acidalia by black spots,

besides which there is a half-tone area at the centre of the wings.

They are intioduced for several reasons, as will appear later.

Certain butterflies are presumed to be protected from the attack

of enemies by ill-flavour ; furthei-, it has been noted that these

insects are conspicuous in Nature (and it has been suggested that

they are conspicuous in order to warn enemies) ; and lastly, it has

been noted that the pattern and coloiation of these insects are

•

Text-fioure 17.

XT"

/^' ^y /,

T3'pes of all the genera illusti-ated in ' Lepidopteva Indica ' which present patterns

of the first type under consideration.

1. Cethosia. 2. Acidalia. S. CatopsUia. 4. JSltjmnias. 5. Apatura. 6. Appias
& Suphina. 7. Salatura. 8. Pareha. 9. Catophacia. 10. Limnas. 11.

Tluri/mun. 12. Kibreeta, Nirmula, & Teriax. 13. I.rias. 14. Hyposcritia.

15. Anaphceis. 16. Telchinia. 17. Chrit/sophanus. 18. Stibocfes. 19. Daimio.
20. CaJlosune.

mimicked by insects which are not thus protected by ill-flavour,

in order that they may gain protection by means of a false

cloak. The pros and cons of this contention cannot be discussed

here, but it is remarkable that many of the insects presenting

the type of pattern under consideration belong to what are con-

sidered to be protected genera, or to what are considered to be
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Table II,

Familj'.
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togethei' and migrate in immense swarms. Salatura was intro-

duced into this table because it shows a considerable resemblance

to the next type to be considered. The bands of dark tone
crowning the central light area have been drawn too boldly and
of too dark a tone, which makes the resemblance closer than it

xeally is.

Text-figure 18.

'Tj'pes of all the genera illustrated in ' Lepidoptera Indica ' wlncli present patterns

of the second tj'pe undea' consideration.

1. Farliestina. 2. Pnrantica. 3. Orinoma. 4. Caduffa. 5. Penthema. 6. Par-
anticopsis. 7. Delias. 8. Calinaga. 9. Cadugoides. 10. Caduga. 11.

Neurosigma. 12. Metapnria. 13. Hestina. 14. Kadena. 15. Prioneris.

16. Salio'i'a.

Examples of the second type of pattern which must render

the insect conspicuous in oSTature are shown in text-fig. 18. It

can be seen that the insects present an uninterrupted margin,

the pattern nowhere reaching the margin, and that at the

margins there is an area of dark tone, whilst the centre of the

wings is much lighter in tone. As before, there is no scalloping

or irregularity of the margin. It follows that this pattern
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conforms to the factors which have been considered to' make for
conspicuousness. Table III. shows the distribution of this second
type of pattern. At a short distance the central patterned area
will become blended and give rise to a light grey tone, and the
insect then has an appearance similar to the type first considered.
As before, it can be seen that out of 18 genera, 7 are protected
and 7 mimic: in this case, therefore, the conspicuous pattern
is accounted for in the case of 14 out of the 18 genera ; 4 remain
unaccounted for. It is noteworthy that in all cases the sexes are
alike.

Table III.

Family.
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patterns which experiments have shown must be conspicuous in

Nature ^^

Text-fig. 19 shows their patterns. No. 3 is like Salatura, a

stage between the first and second types. There is, however, an

absence of a defined dark margin to the hind wings, the margin*

are not scalloped, and the pattern does not interrupt the margin,,

though it approaches near to it ; it thus presents some of the

characters making for coiispicuousness.

Text-fi2-ure 19.

T3-pes of all the genera mentioned in ' Lepidoptera Indica ' as Leing '' protected
"'

bej^ond those already given in text-figs. 17 & 18.

1. Seslia. 2. Menama. 3. Piccarda. 4. Bimbisara. 5. Callipltcn. 6. Con-

dnchates & Neptis. 7. JSuploea & Pademna. 8. Stictoploea. 9. Penoa &
Crastia. 10. Cynitia. 11. Banisepa (the dark tone of this insect should

be diirker). 12. Isamia. 13. Stabrobates. 14. Ijibythea (? protected). 15.

Ergolis.

Nos. 2, 5, 7, 8, 9, and 12 are conspicuous in so far as they

present a large, dark, unpatterned area ; their margins are not

scalloped or interrupted by pattern ; the marginal spots, when

* Mimicry within the Papilioniiiiu is only referred to once in an indefinite

manner.
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present, would, however, tend to mask the outline. As to whether

or not these insects are conspicuous in Nature must depend upon
the tone of the backgrounds against which they are commonly to

be seen ; if the backgrounds be light in tone they would be

conspicuous insects, but if the insects lived in dark forests, for

instance, they would not be especially conspicuous.

No. 11 is similar to the last except that both wings present a

large white patch which must make the insect more conspicuous.

The patch on the fore wing interrupts the antei-ior margin and
must therefore have the opposite eft'ect.

No. 10 presents a black-centre white-margin pattei-n wliich, as

has been seen, is almost as conspicuous as the white-centre black-

mai-gin pattern.

Nos. 4, 6, IS, cfe 14 present patterns which do not interrupt

the margin but, instead, follow it ; there are three central bands

or rows of spots which are surrounded by black, and the margins

of the wings are not scalloped, thus several factors making for

conspicuousness are present.

In no. 1 the pattern everywhere interrupts the margin, and the

margin of the wing is not scalloped. The pattern is not tlierefoi'e

a conspicuous one, the general tone of the insect is light and the

wing-expanse large ; thus, in spite of an inconspicuous pattern,

the insect might be conspicuous if its natural environment were

of dark tone—if, for instance, it Avere a foi'est insect. It may be

noted that another species of the same genus (see text-fig. 20, 4)

presents a typical conspicuous pattern.

No. 15 presents no character making for conspicuousness ; the

margin is somewhat scalloped, the pattern interrupts the margins,

the insect, as drawn, is coloured a middle brown with a darker

line pattern, and is mimicked by Eolimia joarisatis. With the

exception of this genus and Hestia, the patterns of these pro-

tected or mimicked insects all show one or more characters

which make iov conspicuousness, and present patterns much less

perfectly conspicuous than the two types first dealt with. The
first tyjDe conforms very closely to the pattern which experimental

consideration indicates must be the most conspicuous. Even the

larger proportion of black to white tone in the pattern conforms
;

as the backgrounds in Nature are for the most part dark rather

than light in tone, so there should be a greater proportion of

white to black in the pattern. It is not possible to show why
less perfect types are to be found

;
perhaps they present a stage

in the evolution of the conspicuous patterns, or that for some
reason a more perfect pattern is not required by these insects.

•On referring to text-figs. 17 and 18 it can be seen that the

mimicking species present patterns which are not so perfect as

the models. Acidalia, for instance, could with justice be removed
from the first series.

As a contrast to these patterns four inconspicuous patterns are

shown in text-fig. 20, 1, 2, 3, 5 ; it can be seen that in three the

margin is scalloped ; in nos. 1 and 3 the pattern interrupts the
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anterioi" and lateral margins ; in no. 5 it interrupts the anterior

margin. In no. 2 the pattern of eye-spots and irregular bands
is confined to the outer margins of the wings, whereas the rest

of the wings is of an even dull tone (brown) ; in nos. 1, o, and 5
the pattern is likewise more or less confined to the margins,

leaving the centre of the wings plain ; in no. 1 the outer margin
is fringed by outstanding scales which cause the margin to

appear indistinct. Unprotected butterflies show, as a rule, one

or other of these and other chai^acters which cause their outlines

to blend into their surroundings, the pattern is confined to the

wing margins and it interrupts the margin, and the margin is-

Text-fieure 20.

Insects witli inconspicuous patterns.

1. Pontia daplidice $. 2. Anadebis Jiimacliala J. 3. Lethe neelgheriensis $,
4. Sestia Jiadenii ^ . o. Pazala sikkiwa $• 6. Hestia malabarica 9^.

scalloped. On the other hand, those insects which have been
considered to present conspicuous patterns show none of these-

characters : their outlines are not scalloped, their patterns aro
not especially confined to the margin and do not interrupt the
margin.

Finally, it may be said that whilst the inconspicuous pattern

of insects conceals their outline, the silhouette of an insect

against its surroundings (the patterns may or may not mimic the-

backgrounds), the conspicuous pattern accentuates the margin.
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Many

Concluding Remarks.

experiments and observations have shown that the

patterns and coloration of animals are related to their environ-

ment ; such terms as Protective Resemblance, Obliterative

Shading, etc., indicate the lines of research along which know-
ledge has been acquired, and which is conveniently condensed in

the following table by Prof. Poulton. The basis of this classifi-

•cation is a resemblance, or otherwise, of the animal's coloration

to its natural background. Further difierentiation is achieved

Table IY.

A. Apatetic coloiirs = colours resembling some part of environment.

(1) Crj-ptic (a) procryptic = protective resemblance.

(h) anticryptic = aggressive resemblance.

(2) Pseudo-sematic = false signalling.

(a) pseudo-sematic = protective mimicrj'.

(6) pseudo-episematic = aggressive mimicrj' or alluring.

'B. Sematic colours = signalling colours.

(1) Aposematic = warning.

(2) Episematic = recognition marks.

by division according to the utility or function which this re-

semblance, or the reverse, has. These fiinctious have to do with

the escape from enemies, the procuring of food, and recognition

by members of the same and other species. It follows that the

patterns of animals must be closely related to the visual percep-

tion of their enemies, their prey, and their friends. A classifica-

tion from this point of view would seem, therefore, to be the

most natural, and the following table was therefore prepared.

Table V.

Colour
and

Pattern.
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If the consideration of pattern from this aspect be of vakie, then
an experimental analysis carried out with artificial patterns and
the human eye must be a sound foundation for the study of the

subject, at any rate, as regards the visual perception of mammals,
provided the human eye is not widely difterent from that of

mammals as a whole. The results of this line of investiga.tion

show that patterns of animals will bear such an intense stvidy,

and indicate that many details of pattern may be of value

although they have, up to the present, and on negative evidence,

been considered to be unrelated to the visual perception of their

own and other species.

In view of the fact that sight is a most valuable organ of

perception, and therefore a most powerful weapon in the struggle

for existence, it follows that a study of pattern from this point

of view is likely to throw liglit on some of the important problems
of Nature.
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The researches of Spratt and Leith Adams, and later those of

Dr. Cooke and Mr. Tagliaferro, on the extinct fauna of the
Pleistocene cave-deposits and fissures of Malta have already-

yielded a rich harvest. The excavations of the two former
extended over a long period. Dr. Leith Adams, for instance*

spent six years in the island, a great part of this time being
devoted to investigating its cave and fissure deposits f. That
there is still scope for yet further research is shown by a col-

lection lately sent for examination to the British Museum
(Nat. Hist.) by the Curator of the Malta Musevim. This task

was very kindly entrusted to the present writer by Dr. A.
Smith Woodward, F.R.S.

The literature dealing with the subject is very scattered, and
the records extend over a great number of years. Therefore,

before making a few observations suggested by a study of this

collection, it has been thought useful to workers on the palaeon-

tology of the Mediterranean Region to give as complete a list as

possible of the vertebrates of which remains have been obtained
from the Pleistocene of Malta. Leith Adams published a similar

list in 1877$, but this contains a record of only twenty-one
species, although Elephas falconeri and Myoxus cartel are in-

cluded. It is gratifying to find that this number has since been
nearly doubled, although no extensive systematic excavations

have been carried on.

List of Species.

Mammalia.

L Ursus ao'ctos (?) Linn.

2. Vulpes sp.

3. Ganis sp. (size of C. hcpus).

4. 'Leithia melitensis Leith Adams sp.

* Communicated by Dr. A. Smith Woodwaed, F.R.S., V.P.Z.S.

t Nat. Hist. & Archseol. of Nile Valley and Maltese Islands, Edinburgh, 1870.

X Quart. Journ. Geol. Soc. vol. xxxiii. 1877, pp. 177-190.—"On gigantic land-
tortoises .... from the Ossiferous Caverns of Malta .... together with a list of their

fossil fauna."

Proc. Zool. Soc—1916, No. XXYIII. 28
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5. EUomys sp.

6. Arvicola amphihms Linn.

7. ,, pratensis Baillon.

8. Equus sp.

9. Cervus dama (?) Linn.

10. ,, elaphtos var. harharus Bennet.
1 1

.

Hippopotamus pentlandi Meyer.
12. ,, melitensis Forsyth Major.
13. Elephas ^nnaixh'iensis Leith Adams.
14. ,, melitensis Falconer.

AVES.

15. Strix 'melitensis Lydekker.*
16. Eutohnaetus fasciatus Vieiil. sp.

17. Ct?/ps melitensis Lydekker.

f

18. Anser sj).

19. Branta leucopsis Bechst. sp.

20. ,, bernicla Linn. sp.

21. Ci/gnus fcdconeri Parker.

22. ,, musicus Bechst.

23. ,, equiticm, sp. n.

24. „ sp.

25. Anas sp.

26. Marmaronetta angustirostris Menetr. sp.

27. Columha ynelitensis Lydekker.*
28. Grus 'melitensis Lydekker. f
29. Otis tarda Linn, sp.

30. Tetrax sp,

Reptilia and Batrachia.

31. Testudo rohusta Leith Adams.
32. „ S2)ratti Leith Adams.
33. ,, rohustissima Tagliaferro.

34. Lutre')nys europcea Gray.

35. Lacertd sp.

36. Batrachia undetermined.

Besides the above, remains of several domesticated species have
heen recorded by Dr. Smith Woodward from the Har Dalam
Cavern, from which rude pottery has also been obtained in some
quantity +.

I have omitted from my list both Elephas falconeri of Busk
and Mi/oxus cartei of Leith Adams. The specimens described

under the former name seem hardly sufficiently distinct to be
separated from E. melitensis, to which species they were re-

ferred by Lydekker. The same author also pointed out that

* Cat. Poss. Birds in Brit. Mus. 1891, pp. 13, 124.

t Proc. Zool. Soc. 1890, pp. 404, 408.

X See Ashby, Zammit & JJespott in ' Man,' Jan. & Feb. 1916, vol. xvi. Nos. 1 & 2.
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M. cartel was evidently a synonym of Leithia melitensis ; he
further showed that the mandibular ramus figured by Leith
Adams as that of a young specimen of Leithia is undoubtedly
that of an Eliomys.
The occurrence of Arvicola amphibius and A.pratensis is given

-on the authority of Leith Adams, and I do not know if any
specimens have been preserved. It ought to be mentioned that
Dr. Caruana reported liaving found a portion of a lower jaw of a
Hypena in the island of Gozo.

So far as I am aware no thorough investigation has been made
-of the present-day mammalian fauna of the island, but it would
seem to be but poorly represented in species, for Sir John Murray
enumerates the indigenous mammalia as follows :

—" The rabbit,

weasel, hedgehog, Norway rat, species of mice, and bats " *.

I should like to take this opportunity of recording my grateful
thanks to Dr. A. Smith Woodward, F.R.S., to Dr. 0. W. Andrews,
F.R.S., and to Mr. W. P. Pycraft, for kind help and for giving
me every facility for studjdng the remains of fossil and recent
birds in the National Collectioii.

Hie Remains from the liar Dalam Cavern.

The small collection under notice was obtained from the

Har Dalam Cavern, and the adherent matrix shows that the
specimens were embedded in a la5rer of red cave-earth. They
are rather fragmentary, but a comparatively large number of

species are represented and range from a small Elephas to the

extinct rodent Leithia. Most numerous of all are the avian
remains, which include those of a hitherto undescribed swan and
several other species not previously recorded as occurring in a
fossil condition -in the island. It will be remembered that

Dr. Cooke had already carried out some investigations in this

cave, the chief results of which. have been described by him and
Dr. Smith Woodward t.

Mammalia.

Of mammals, there are examples of four species only, two of

which call for no special notice here, for Elephas melitensis is

represented by ii scaphoid only, and Cervus elephus harbarus by a

metatarsus and a phalanx. The remaining two are Leithia

'melitensis and a small species of Equus, the specimens of which
each show some points of interest.

Leithia.^ k. small number of rather fragmentary remains
•of Leithia are included in the collection. A few of these

jigree in size with the larger corresponding specimens in the

British Museum Collection, but the othei-s are so very much
larger that they almost suggest the existence of a second species,

.though it behoves one to be careful with regard to size alone

* Scottish Geog. Mag. vol. vi. 1890, p. 453.

+ Proc. Roy. Soc. vol. liv. 1893, pp. 274-283.

28*
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as a cliarac'ter, move especially when dealing with island foi-ms^

if island form this be.

One specinien shows veiy distinctly the distal joining of the

tibia and tibula which, according to Weber*, is an important

character distinguishing the Myomorpha from the Sciuro-

niorpha in which these two bones are only joined proximally.

Lydekker t, on the other hand, attached little weight to this

point, although admitting that a distal union is unknown among
living Sciuromorphs. Unfortunately, there is not yet sufficient,

material available to settle definitely the question of the syste-

matic position of the genus, though the latter author was

probablv cori-ect in suggesting that Leithia constituted a separate

family, Leithiida?. This view is strengthened by the fact that,

two further species of Leithia, not yet described, have been

discovered by the writer in the cave-deposits of the Balearic

Islands. This greatly extends the known range of the genus,

-which is, no doubt, another representative of the " Tyrrhenian
"

fauna preserved in the Pleistocene deposits of the islands of the

western Mediterranean region.

Through the courtesy of Mr. J. Wilfrid Jackson I have been

able to examine an imperfect left mandibular ramus of a small

species of fox from the Pleistocene of Malta, belonging to the

collection of the Manchester Museum. So far as I am aware, no

fox is found in the island at the present day, and still further

interest is given to this specimen in that this occurrence of a

small carnivore for which Leithia would appear to be a suitable

prey, suggests that the abundance and tendency towards an

increase in size in the rodent can only be explained by the theory

that it was at any rate more or less arboreal in habit. That it

was not highly specialised for a fossorial mode of life is shown

by the shape of the skull and the curvatru'e of the incisors t-

Equus.—Pinds of Equus-vem&.\\\s in the Pleistocene cave and

fissure deposits of Malta have been very few up to the present,

and, so far as I am aware, none has been recorded from the other

islands of the Mediterranean, though their occurrence in the

Genista Cave, Gibraltar, has been noted by Dr. Hugh Falconer

in his list of species from that locality §. Further woik in this

region will probably yield other finds of a similar kind.

The present collection includes a left upper pm. 2, which is

believed to be that of a small horse, for its crown pattern shows

the small enamel-fold described as fold 5 (" pli caballin) " by Prof.

H. F. Osboi'u, who considers its presence a means of distinguishing

molars of E. cahcdlus from those of E. asinus IJ. It indicates an

animal of about the size of a New Forest pony. The greatest

* ' Die Sausetliiere,' Jena, 1904, p. 489.

t Proc. Zool. Soc. 1895, p. 862, footnote.

X I am indebted to Mr. M. A. C. Hiuton for information kindly given me oi>

this point.

§ Pill. Mem. vol. ii. p. 555, London 1868.

I!
Osborn, H. F., "The continuous origin of certain unit characters as observed

by a Palaeontologist," Harvey Lectures, Ser. 1911-12, pp. 200-1, tig. 8.
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lieig'ht of the specimen is 63 mm., the aiitero-f)ostei'ioi- width
•30 mm., and the thickness 21 mm. Perhaps its chief interest

lies in its association with remains of one of the small elephants
•and those of a large chelonian, thiis showing definitely for

the first time the contemporaneity of the Uqitus -remiiins
with the rest of the extinct Pleistocene fauna of the island.

For Leith Adams wrote that he had no evidence of such a

contemporaneity ; and, further, an imperfect metacarpus, pre-

viously obtained from the Har Dalam Cavern, was found in a

•superficial layer, and included with remains of man, domestic
.animals, and rude potteiy*. This last example, now in the

British Museum Collection, consists of the proximal half only of

the metacarpus, the greatest diameter of the articular sui'face

being 38 mm. ; it is a somewhat stouter bone than one in the
collection of the Manchester Mviseum. Mr. J. Wilfrid Jackson
has made some interesting notes on this last specimen which he
very kindly placed at my disposal, and which I feel I cannot do
"better than quote in full :

—

.

" The Manchester Museum possesses a short and extremely
slender adult metacarpal bone of an Equine which was found
many years ago in one of the Malta caves associated with

remains of Cervus harbarus, fox and tortoise. In length the
bone measures 160 mm,, whilst the width at the middle of

the shaft is only 20'7 mm. (index 7*72). The width of the
distal end =: 29 mm.

" The slenderness of the bone is very remarkable. According
to Prof. J. C. Ewart (Proc. Roy. Soc. Edin. xxx. pt. 4, 1910,

p. 291), the cannon bones in fossil and recent Asiatic wild asses

ai'e long and slender, the length of the metacai-pal being at least

eight times the width at the middle of the shaft. The index of

the Malta bone is 7' 72, and therefore suggestive of ass rather

than horse, as in the latter the index is never more than 7*5.

" However, assuming it to belong to horse, it would indicate

an animal of about 10 hands in height (accoi-ding to Ewart,
op. cit. p. 297, footnote), i. e. slightly higher than a typical

Shetland pony. In a specimen of the latter with a height of

•36'5 ins. the metacarpals measured 143 x 25 mm. [fide Ewart).
" I believe the British Museum possesses a metacarpal from

Auvergne (? Pleistocene) which measures 173x24 mm. (index

7*20), which would indicate a slender-limbed animal under
11 hands at the withers.

" Prof. Ewart writes me that he has also a record of a

156x25 mm. metacarpal from Seine Inferieure, which means
a horse about 9*2 hands."

AVES.

Owing to its geogi'aphical position Malta receives many visitors

'on migration, which accounts for the large number of recent

* Proc. Royal Soc. vol. liv. 1893, p. 281.
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species recorded from the island, which nowadays has onl}- a very-

small indigenous avifauna. Numerous lists of these have been

published ; the latest and most complete is one wliich appeared

only last year (1915), and was compiled for the Malta University

Museum of Natural History by M. Giuseppe Despott, Curator-

of that Institution. This brings the record down to December
1914, and contains about 50 species not included in previous lists,

while the total conies to over 300.

As might be expected, avian remains from Malta are far less

plentiful than those of associated mammals, and an exact deter-

mination is often further hampered by the fragmentary condition

of many of the specimens, and occasionally by lack of recent

material for comparison. It seems most probable that the birds

whose remains occur in the cavern deposits were, at least par-

tially, resident in the island. It is not surprising to find species

represented that nowadays only occur accidentally or on migra-

tion, for the whole character of the extinct Pleistocene fauna of

the island shows that the climate, vegetation, and probably the-

extent of the land surface, were very difierent from those obtaining

at the present day. The fact that anserine birds, including

several extinct species, are so largely represented leads one to-

suppose that they flourished when there were considerable tracts

of low-lying and marsh lands, probably before the final submer-

gence of the land (part of which is now known as the Medina
Bank) which connected Malta with Sicily and formed a northern

extension of the present Tripolitan coast-line.

The present collection includes the distal half of a humerus
believed to be that of the Brent Goose {Branta hernicla), for it

only differs from recent specimens Avith which it has been com-
pared in being very slightly larger. Other limb-bones appear to

be those of the Barnacle Goose {B. leucojysis). The former species

has already been somewhat doubtfully recorded from Malta,,

while the writer has obtained remains of the latter from a

Pleistocene fissure in Menorca ; at the present day these geese

occur very sjjaringly in the Mediterranean, and probably then

only on migration.

Remains of several species of Swans have alieady been obtained

from the Maltese cave-deposits, including the veiy large extinct

form, C?/^jms/<-f/coweH, described by Parker *. Of this bird he

wrote (p. 123) that it "was rather genei-alized in cliaiacter,

being somewhat of a goose, possessing as he did longer legs and
shorter toes than the typical swans. It would appear, however,

that this bird had its wings of the full relative size : the

immense ulna shows this." Later, he suggests that "perhaps he

was altogether more terrestrial," but I think this was meant as

opposed to swimming habits and did not refer to an}^ loss of

power of flight. The same author {loc. cit.) also described and'

figured some specimens believed to re2)resent C. mnsicus, at the-

* Trans. Zool. Soc. vol. vi. pp. 119-124, pi. xxx.
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same time suggesting the possibility of there having been remains

of more than these two species of swan in the Zebbug Cave.

A few specimens in the British Museum Collection are said

by Lyclekker* to "indicate a swan of considerably smaller size

than C. inusicitsy None of the remains in the present collection

agrees with these last, and only one phalanx is somewhat doubt-

fully referred to G.falconeri. A left femur wanting the inner

condyle agi^ees very closely in size and form with the coiTe-

sponding bone of G. musicus (Brit. Mus. 449 d), and there seems

little doubt that it ought to be referred to this species, which has

already been recorded from Malta both in a fossil state and as an
accidental visitor during severe winters.

The present collection from the Har Dalam Cavern includes a

few remains of an anserine bird, believed to be a small swan,

which it has been impossible to identify with the corresponding

bones of any of the species with which I have been able to com-

pare them, either from Malta or among the recent skeletons in

the osteological collection of the British Museum. With the

small amount of material available it cannot be said definitely

that these specimens all represent a single species, but it is

believed that this is so at any rate in the case of a proximal

portion of a left hiimerus, a right coi'acoid, and a right

metacarpus. Besides these, the proximal portions of two ulnae

and perhaps a radius might also be included. It is suggested

that this species be known as

Cygnus equitum, sp. n.

Right metacarpus (text-fig. 1).—It is proposed to take this

specimen as the type. It is in a good state of preservation,

but has the distal extremity abraded and the central portion of

the third metacarpal is absent. It is peculiarly interesting on

account of its being relatively very much shorter and stouter

than the corresponding bone of any recent species of swan or

goose with which I have been able to compare it. This character

seems to indicate without much doubt that it belonged to a bird

in which tlie power of flight was already considerably reduced.

The following measvirements, given in millimetres, will show
the comparative size of this bone in the Maltese bird, in two

recent species of swan, and in Tachyeres.
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It will be seen from the above that the relative projaortions

of this bone in C. eqioitum and Tachyeres are not very different,

which suggests that, as in the latter, C. equitum might have

Text-figure 1.

A. Riglit me^acavpus of Cygniis equitum.

13. Right metacarpus of C musicus.

Botli natural size.
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lost its power of flight only when the bird attained its full size

and weight. In Tachyeres the young are said to be able to fly *.

In the large extinct Cnemiornis calcitrans it is not only this

bone which had Ijeen enormously reduced but likewise the other
bones of tlie wing, while the keel of the sternum had almost
completely disappeared ; whereas in Tachyeres, although there is

already some reduction in the size of the ulna and radius, the
sternum appears to be normal.

Text-fifi^ure 2.

A. Proximal portion of left humerus of Cygnus equittim.

B. Right coracoid of C. equitum.

Both natural size.

Compared with that of C. olor, the metacarpus from Malta is

a-elatively a very much shorter and stouter bone ; also the third

metacarpal is separated from the second for a comparatively
much shorter distance, causing the articular ends to be more
massive. Tlie first metacarpal is in keeping with the rest of

the bone, being large and stout. The proximal articular surface

is mvich flatter than in either C. olor or C. inusicus owing to the
pre-axial border being less raised. The comparative proportions
of this bone perhaps appi-oach, on the whole, more nearly to

those of C. musicus, which, judging from the skeletons which

* Owen, "On Cnemiornis," Trans. Zool. Soc. vol. ix. 1875, p. 266.



430 'miss DOROTHEA BATE ON FOSSIL VERTEBRATES.

I have examined, appears to be a stouter-limbed bird than
G. olor.

Himierus (text-fig. 2 a).—The proximal portion of a left

humerus believed to belong to the same species as the above
metacarpus shows a similar characteristic stoutness of build, and
is unlike any specimen with which it has been compared. It is

actually very much smaller, but in comparative proportions agrees
fairly closely witli the corresponding portion of the humerus of

C. viusicus, except that the general outline is squarer and the
liead and trochanter are stouter, while the subtrochanteric fossa

is more definitely defined and much deeper, and the groove
separating the head and the trochanter is more deeply excavated.

Coracoid (text- fig. 2 b).—A right coracoid is also believed to

be that of C. equitum, being of corresponding size and showing
the same general characteristics as the two bones described above.

This specimen is in a good state of preservation, only wanting
the outer portion of its sternal border and the point of the sub-

clavicular process. In comparative proportions it is not unlike

the corresponding bone of C. musicus, although its ventral aspect

is rather diflferent owing to the wider base from which the sub-
clavicular process springs and the greater thickness of the ridge

between the head and the main body of the bone. The surfaces

of contact with the sternum are wide and shallow.

Ulna.-—The collection includes the proximal portions of a

right and left ulna, which I have been unable to identify with
any recent specimens to which I have had access. They appear
to agree in size and robustness with the limb-bones described

above and are provisionally ascribed to the same species. Their
dorsal aspects show no roughened surfaces for the attachment of

the flight-feathers.

Madius.—The distal portion of a radius with about two-thirds

of the shaft is more doubtfully assigned to this species, as it is

perhaps compai'atively rather larger than the two ulnse.

Two species of Bustards are represented in the collection by a
few fragmentary remains. Both these species occasionally occur

as stragglers to the island at the present day, but neither has
been previously recorded in a, fossil state.

The distal portion of a right tibio-tarsus and the proximal
portion of a left scapula are I'eferred to Tetrax campestris., while

the distal extremities of two tarso-metatarsi are ascribed to

Otis tarda, one being that of a male and the other that of a

female bird.
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15. The Poison-Organ of the Sting-Ray (IVi/r/on pastiiiaca)^

Bv Tempy.-Major H. Muir Evans, M.D. (Lond.),,

r".A.M.C.(T.).*

[Received March 3, 1916 : Read April 18, 1916.]

(Text-figures 1-7.)

Part I. Historical Summary.

The question of the presence of true poison-orgtsns in fish is:

one which has exercised th.e minds of observers for centuries.

From Aristotle down to the end of the nineteenth century the

presence or absence of a poison-gland in the Sting-Ray has

remained an unrevealed secret, although many observers have
felt convinced that something besides the laceration by its

serrated spines was necessary to cause the pain and inflammation

that resulted from injuries produced by it. Even Bottard, tO'

whom I am indebted for most of the early historical literature,,

denied the presence of a poison apparatus ; and the ' Cambridge
ISTatui'al History' merely states (p. 177) that "among Elasmo-
branchs the Eagle-Rays [Aetobatis) and Sting-Rays {Trijgon) have
barbed or serrated spines on the tail, which inflict wounds far

more severe than those caused by mere mechanical laceration

;

but, except the mucus secreted by the gland cells of the skin,

which may possess venomous properties, no special poison-forming

glands in connection with the spines are at present known."
Dr. Antonio Porta contributed a paper on venomous fish to-

the ' Anatomischer Anzeiger' of March 1, 1905. "It can be
seen, " he says (p. 235), " by what I have quoted above, that until

now it was not known that a poison apparatus existed in the

TrygonidaB and Myliobatidfe. The barb of the Trygon is almost

similar to that of the Myliobatides, but it is longer and narrower.

The said sting shows the lateral mai'gins deceitfully serrated

with the points turned from the back to the front. According
to Moreau, in a fish of a medium size, the dart is very nearly

one quarter of the length of the back, but there is nothing exact

in its proportion. In nine specimens
(
T. violacea and T. pasti-

naoa) of medium size that I examined, I found that the length

of the dart vai'ied from 8-7 to 12"6 cm. It is renewed every

year of the life of the fish, and since sometimes the new one
sprouts before the old one falls off, we find individual fish armed
with two or, more rarely, three or four stings. If we isolate a

sting and examine it, we observe on the ventral aspect two
grooves on either side of a ridge which become shallow in width
and depth towards the base. In these two grooves the poison-

organs are situated, which penetrate to the deepest part of the

groove and there continue laterally and above into two small

* Communicated by the Seceetary.
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tubes which converge at the base, providing a passage for the

blood capillaries, which supply the connective tissue suri'ounding

the gland."
" On making transverse sections of the sting and putting them

under the microscope, we see that the ventral furrows are

occupied by a glandular mass of a more or less triangular shape
with the corners rounded off. It is composed of a great many
cells of various sizes and shapes (2-"4 mm. x510), often joined

to one another to form true glandular follicles, which measure
•7-l'5 mm. x510; the connecting and surrounding tissues are

rich in blood-vessels and communicate with the sheath of the

sting. Towards the apex the gland gets smaller, the cells

become less numerous and smaller and are surrounded by much
connective tissue, with which they gradually merge."

" This gland is similar to that which is observed in the genus
Scov'pcena and in the greater number of other poisonous fish. It

should be considered as a cutaneous gland. The dart is merely
an arm of defence. It is united to the tail by strong ligaments
and muscles, which only, however, permit a small lateral move-
ment. The emission of the poison takes place in a very simple

manner. The sting introducing itself into the wound, the sheath

is drawn back towards the base and presses on the gland which
thvTS emits a poisonous liquid, which flowing towards the narrow
apical groove thus inoculates the wound."

Part II. Observations on Serial Sections.

I am in agreement with Dr. Porta as to the position and
general triangular outline of the gland. I have not personally

examined the poison-organ of Scorpmna, but the elongateVl com-
pressed cells pictured by Bottard in the grooves of the spine of

Scorpcena are of the same type as the gland-cells of both
Trachinus draco and vipera, and according to that authoi'ity the
poison-gland of Scorpcena is a less developed type of the gland
found in the Weevers. Having myself made many sections of

the glands of both the Gi-eat and Lesser Weevers, I can state

with assurance that the glandular structui'e found in Trygon is

of a totally different type : in fact, there are many points in its

structure of a unique character, and the arrangement of the cells

requires cai'eful examination. The gland consists, for the most
part, of a fine mesh, within the interstices of which are groups of

small cells with a vacuolated protoplasm. These cells are grouped
together in regular follicles.

These follicles in other parts are entirely filled with secretion,

so that you have a cystic appearance, a distended cavity, lined by
a layer of flattened cells. The external margin of this glandular
mass shows a well-marked layer of pigment-cells, a,nd external to

this are several layers of rounded epithelial cells, Avhich, however,
are frequently detached in the sections, as shown in text-fig. 2.

If we could understand the origin and relations to other parts
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of the tissues whicli occupy the lateral grooves, which for con-

venience and brevity I propose in future to speak of as the
glandular triangle (Porta spe;vks of it having a triangular shape
in section with the angles rounded oif), we must study sections

at the root of the spine or dart, before it separates from the whip-
like tail. With the naked eye one can see a special dai-k pig-

mented patch on the tail where it opposes the spine, on the
surface of which appears some soft whitish epidermis. More-
over, if we view the spine at this point in profile, we notice that

Text-fio-ure 1.

c.o.y.

Trygon pastinaca.

Part of gland in groove.

c.c.g. Central canal of groove, c.f. connective tissue, e.g. epithelium of groove^

f.g. follicles of gland, o.p.s. osseous part of spine, p.l. pigment-layer^

v.a.g. ventral aspect of groove.

the dorsum of the spine becomes free of the epideimis which
has been covering it sooner than the ventral aspect, so that the
dorsum of the spine in this respect is somewhat similar to the
nail on a man's finger. The epidermis ends rather abruptly on
the dorsum, while, on the other hand, the dentate margin and
the lateral grooves between it and the ventral ridge separate
gi-adually from tine tail, the last part to become free being the
ventral ridge. On either side thei-e is a gradual invagination
of ectoderm between the tail and the glandular triangle, this.
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invagination becoming deeper as one traces it posteriorly.

Mici'oscopically, one can observe that this invagination is carried

•out by a specialised portion of epithelium. Where the spine

begins to separate, the flattened epidermal layer and mucous
• cells coveiiiJg the tail are replaced by a layer of columnar cells

Texb-fioure 2.

o^p.s.

Tri/gon pastinaca.

Portion of gland of groove, showing follicles full of secreting cells,

and central canal eniptj'.

c.c. Central canal or duct (empty), c.t. connective tissue, d.g. ducts of gland.

f.g. follicles of gland, m.f- muscle-fibres, n.c.c. nipple of central canal.

o.p.s. osseous portion of spine.

with superimposed layers of rounded cells, I'esting on a basement-

membrane in which is a layei' of large deeply pigmented cells.

This peculiar layer of epithelial tissue gradually grows inwards,

i. e., towards the middle line on either side, and inserts itself

between the tissues occupying the grooves and the tail.
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Text-figure 3.

435

~d.

1 ojL.

Trygon pastinaca.

Lateral view of spine, with diagrammatic sections at A, B.

c. Canals, d. tooth, g. glandular tissue, i.s.e. invagination of specialised

epithelium, m.v.r. median ventral ridge, p.l. pigment-layer.

Text-figure 4.

Trygon pastinaca.

Half-section of spine separating from tail, showing invagination of specialised

epithelium and pigment-layer.

c. Cartilage, d.m.s. dentate margin of spine, e.t. ordinary epithelium of tail,

m.f.t. muscle-fibres of tail, o.p.s. osseous portion of spine. s.e.i. special

epithelium of invagination, t.g. tissue of groove, t.t. tendon of tail.
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The tissue of the triangle at this stage consists of the fibrous
tissue which precedes the formation of bone ; the pigmented layer
and the round cells in this way extend over the tissue of the
groove, and the actual separation of the spine from the tail is

accomplished by a division of the round-celled epithelium, so that
when the separation is complete there is a pigment-layer covering
the glandular triangle covered with several layers of epithelium^
and a similar pigment-layer with epithelial covering facing it on
the doisal surface of the tail,

Text-fie-ure 5.

Trygon pastinaca

.

A. Transverse section of spine near base.

B. Lateral canal and nipple. Canal full.

C. „ „ „ Canal emptying.

e.c. Central canal, d.m. dentate margin, f.g. follicles of gland, g.t. glandular tissue.

l.h. lacunae of bone. I.e. lateral canal, m.r. median ridge, n.l.c. nipple of

lateral canal, s. secretion.

The pigment-layer may also be observed to dip into the trian-

gular area, and carries with it these rounded cells.

If we now examine more carefully the secreting tissue of the
glandular triangle, we notice throughout the length of the
groove, but more markedly near its base, two definite rovmded
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cavities, occupied by a mass of homogeneous yellow material
staining yellow by Van Giesen's method. These cavities tend
throughout the whole series of sections to arrange themselves
into two ducts or canals, one lying near the centre of the gland or
towards the ridge, and the other lying towards the lateral

margin in the direction of the teeth. The follicles seem to
empty themselves either into one canal or the other. As each
duct or canal becomes filled with secretion it bulges the pigment-
layer so as to make it protrude externally. On the peripheral
margin of the lateral canal this bulge is surmounted by a curious
nipple-shaped projection which appears throughout the whole
series of sections, at times distended, at times empty and flattened.
Some of the sections show the nipple discharging a fluid from its

Text- figure 6.

Trygon pastinaoa.

A-C. Series of sections progressively diminishing towards tip.

e.n. Elongated nipple, e.n.l. the same enlarged (note bulbous tip containing
secretion). Le. lateral canal, m.c. canal of median ridge (»•.). s/. secreting
filaments, s.f.l. the same enlarged.

tip, and one feels convinced that these sections actually show
the secretion from the lateral canal being discharged externally.
Towards the tip of the spine, where the groove is smaller, the
nipple is prolonged into a filamentous tube.

By counting the sections in series and observing the presence
or absence of a nipple-like projection from the lateral canal, one
is able to estimate approximately the size of these projections.

Proc. Zool. Soc—1916, No. XXIX. 29
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A nipple will extend for •3--4 mm., and there is then a. gap of

about '2 mm. until the next nipple appears on the lateial canal.

In this way the dentate margin is moistened with secretion, and
as the teeth lacerate the tissue of the victim the poison becomes

inoculated in the wound. Towards the tip of the spine there is

little glandular tissue : the central canal divides into two or more
channels, and the seci'etion is discharged by means of a canal, of

which thei'e are two on either side, a lateral canal near the base

of the teeth, and a canal resting on the margin of the median
I'idge where it looks towai'ds the lateral groove.

Text-figure 7.

Trj/gon pastinaca.

Diagram of portion of spine to show scheme of canals and relations of

nipples and filaments.

c.c. Central canal, c.r. canal of ridge, f.ff. follicles of gland. I.e. lateral canal.

in.r. median ridge. n.J.c. nipples of lateral canal, s.f. secreting filaments.

t. tooth pointing forwards.

It is here that these lateral canals give ofi' the hollow filamentous

tubes, which pr(^)ject towards each other and are of such length

that the two make a bridge across the lateral groove. They
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terminate by an orifice which is curiously pigmented, and some
sections show the secretion issuing from the tip.

The number of these secreting filaments varies, and apparently

they are provided in order to carry the poison to the tip of the

dart, where the glandular tissue no longer is present. The
width of a filament is from 2 to 3 mm.

It should be mentioned that in one spine of the three of

which I have sections, there is a well-marked nipple projecting

from the central canal near the base (see text-fig. 2), and the

canal can be seen surrounded by a layer of muscular fibres.

A diagram of this arrangement of glandular tissue, central and
lateral canals, nipples and secreting filaments, is given in text-

fig. 7 ; it is purely diagrammatic, and does not give with any pre-

tence of accuracy the actual relative size of the nipples compared
with the teeth of the dentate margin.

In concluding this account of the microscopic anatomy of the

spine, I must mention with gratitude the help I have received

from Dj'. Stuart McDonald, of the University of Durham, whose
laboratory assistant, Mr. Percy Landreth, took the micro-

photographs from which several of the illustrations have been
prepared, and who gave me much technical heljD.

I must also mention the kindness of Mr. C. Tate Regan, of the

British Museum (Natural Historj^), in looking at my sections, in

giving me references to the literature on the subject, and making
suggestions as to the form this paper should take.

I must also thank those members of the Board of Agriculture

and Fisheries, including Mr. Borley, for the help they have given

me in obtaining specimens.

In conclusion, I would add that my investigations began in

1911, and were undertaken in ignorance of the work of Dr. Porta,

who, so far as I can ascertain, was the first to describe the gland

of the groove in the spine of Trygon.

Summary of the evidence that the gland is really a poison-

organ :

—

i. That the nature of the wounds produced are not such as

would happen after a simple laceration
;

ii. that the symptoms of acute pain and inflammation are

similar to the symptoms produced by the stings of the

other venomous fish, particularly the weever
;

iii. that the staining reactions of the secretion are similar to

the staining reactions of the poison of Trachinus draco
;

iv. the observations of Dr. Lo Bianco quoted by Dr. Porta.

The observations of Dr. Lo Bianco are very interesting. He
himself saw a young man become extremely pale and fall down
almost senseless for a few minutes, from having received only a

very small puncture while he was in the act of passing a Trygon

weighing 3 kg. from one person to another. Besides which he

also relates the following most interesting fact. In the month of

29*
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September there were in the great tank of the Aquarium of the

Zoological Station of Naples four Trygoii violacea and three

TJudassochelys caretta. One of the Tiygons died, and on examin-
ing it he found that the sting was broken and entirely gone.

After a few days one of the Tlmlassochelys would not eat any
more, unlike the others who ate with great appetite, and re-

mained in a corner of the tank : it lived thus for four days and
died on the fifth. On examining it he found the sting of the

Trygon buried quite 6 cm. under its right fin, piercing only the
skin and muscles ; in the part where the sting was buried the

tissue was of a violet colour. The wound was about 3 to 4 cm.
in length and breadth, and contained a putrid liquid with a most
ofiensive smell.

The results of this investigation show :

—

i. The origin of the gland from a special layer of epithelium

starting at the root of the spine,

ii. That the secreting tissue consists of regular follicles with
ducts and central and lateral canals.

iii. That the secretion is discharged by means of nipples or

filaments projecting from the canals.

iv. That there is a layer of muscular tissue surrounding the

centi'al canal.

Works consulted.

1. Bottard's " Les Poissons venimeux," 1889.
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3. Porta's paper in the " Anatomischer Anzeiger," xxvi.
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4. Oalmette's "Les Venins," 1907.

5. Cambi'idge Natural History, Fishes, 1904.

There are full bibliographies in Bottard's work and in Porta's

paper.
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EXHIBITIONS AND NOTICES.

March 21st, 1916.

Dr. S. F. Harmer, M.A., F.R.S., Tice-Pi-esident,

in the Chair.

The Secretary read the following report on the Additions
to the Society's Menagerie dni-ing the month of February,
1916 :—
The number of registered additions to the Society's Menagerie

during the month of February was 36. Of these 30 were
acquireid by presentation, 5 were received on deposit, and 1

by pui-chase.

The number of departures during the same period, by death
and removals, was 145.

Amongst the additions special attention may be directed

to:—
1 Preuss's Cercopitheque (Cercopithecus preussi), from the

Cameroons, presented by Major Sir George Noble, Bart., F.Z.S.,

on February 21st.

1 Korin Gazelle {Gazella 7-ufifrons), from the Soudan, presented
by Capt. William Dyer, on February 24th.

Mr. E. T. Newton, F.R.S., F.Z.S., exhibited the pelt and bones
of a Black Hare, for which he was under obligation to Mr. G. F.

Brooke of Leadenhall Market, who had received it with a large

consignment of Brown Hares from Siberia ; but, luifortunately,

the locality was not known. This hare is of small size and with

short rabbit-like eai-s. • The head and back are black excepting

only a small white spot on the forehead ; and towards the sides

there are numerous long hairs with white tips. Lower down
upon the sides the fur becomes tawny and passes into white
underneath. All the feet, but especially the hinder ones, have
light brown hair up the upper parts.

The skull and limb bones show chai-acters agreeing with those

of the hare ; but in size the animal was intermediate between
our common hare and the rabbit.

Mr. D. M, S. Watson, F.Z.S., gave an account of some obser-

vations he had made on the habits and life-history of Platypus
and Echidna.
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The AlisfJienoid Canal in Civets and Hyamas.

Mr. R. I. PococK, F.R.S., F.L.S., F.Z.S., Curator of Mammals,
gave an exhibition, illustrated by lantern -slides, to show some
points connected with the alisphenoid canal in the Viverridfe *

and Hy£enida3, and remarked :

—

" As is well known, the alisphenoid canal is always absent in

the Felid^e (text-fig. 1, A). In the Yiverridaj, on the contrary,

it is nearly always present, although it is never found in the
Mascarene genera Galidia, Galidictis, and Salaaioia (text-fig. 1, B),

forming the subfamily Galidictinse, and may be present or absent
in Cynogale (Cynogalinas) and Eupleres (Euplerinfe), two aberrant
genera of Viverridte. By Mivart, Flower, and authors inspired

by them, it is also stated to be variable in its occurrence in

Viverricida, a genus closely related to Viverra and Genetta, in

which it is always present.

" Examination of the skulls of Cynogale and Eupleres shows
conclusively that the absence of this canal, when it is absent, is

due to suppression, complete or partial, of its external bony wall.

Nevertheless, when this wall is unossified in these forms, the
channel marking the course of the external carotid artery is very
apparent. This bony wall is also so short in some Mongooses,
e. g. Crossarchiis, that a comparatively slight defect in ossification

would convert the canal into an open channel, such as is seen some-
times in Cynogale and Eupleres. In d'ossarchus (text-fig. 1, C, D),

Cynogale, and Euj^leres, moreover, the foramen rotundum opens
alongside the anterior orifice of the alisphenoid canal into the
posterior part of the temporal fossa close to the sphenoidal fissui'e

\foramen lacerum anijcum). In the Galidictinse the foramen
rotundum occupies precisely the same position with regard to

the sphenoidal fissure. This part of the skull in Galidictis, for

example, bears a close resemblance to that of Crossarchus, except

that there is no trace whatever of the alisphenoid canal. Never-
theless, the general likeness alluded to suggests that the absence
of the canal in Galidictis may be due to the complete suppression

of its outer wall (text-fig. 1, B).

"This interpretation seems to be the one that is curiently

accepted ; and since no alternative has, so far as I am aware,
been suggested, it may be assumed that the same explaijation

has been tacitly extended to those specimens of Viverricida in

which the canal has been described as absent (text-fig. 1, E). The
statement, however, that the canal is absent in that genus is not
true. It is in reality present, its apparent absence being due to

the closure of its postei'ior orifice and not to the imj^erfection of

its outer wall.

" Justification for this view rests upon the following facts :

—

" The orifice, lying alongside the sphenoidal fissure in Viver-

ricula, which Flower would doubtless have called the foramen
rotundum, is in reality the anterior end of the alisphenoid canal,

which, when complete, opens posteriorly by a small aperture just

'^ * The term ViveiTidiie is liere used, vvitliout prejudice, in the sense in which
Flower and Mivart and their successors employed it.
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Text-figure 1

.
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A.M.

A.M^

' ? 3
A.M. I 2

A.M.

/. ? 3

a Is.

D

A.M.

Left cranial fovaiiiina of Fells with zygoma cut away. 1. optic foramen ;

2. sphenoidal tissure {foramen lacenim anticiim) : 3. foramen rotuiidum

4. foramen ovale; A.3i. auditory meatus.

The same of GaVnlicHs.
. r v i

The same of Ci'o><mrchvs. <il.' anterior, and ,(?.- posterior orihce ot alisphe-

uoid canal with liristle passed tliron-h it.

The same with outer wall of alisplienoid canal (als.) cut awav.

Tlie same of Viverricuht with ])osterior oritice of canal closed.

The same with outer wall of canal cut away to show foramen rotundum (3)

opening into posterior end of canal.

The same of Genetta, showing the complete alisplienoid canal concealing tlie

foramen rotundum. .

The same with the outer wall of the canal cut away, exposing the foramen

rotundum opening into it.
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in front of the /ora7nen ovale. When this aperture is absent, the

presence of the canal may be demonstrated by cutting away its

outer wall backwards from its anterior orifice. The true forame^i
rotundmn will then be revealed perforating the cranial floor at

the posterior end of the canal a little in advance of the foramen
ovale on the admedian side (text-fig. 1 , F). Hence in Viverricula

i\\e foramen rotundum opens into the alisphenoid canal, or, if the

term ' canal ' be inadmissible for a tube closed at one end, into

the alisphenoid tube representing the canal.

" It may be added that this region of the skull in Viverricula

is alike in all specimens, apart from the presence or absence of

the posterior orifice of the canal, which may be represented by a

hole only large enough to insert a needle. Whereas if the

alleged absence of the canal were due to the suppression of its

outer wall, the canal would be represented by a groove, as in

Cynogale and Utcpleres, which is not the case, and the foramen
rotimdum in Viverricula would have to be described as a long

tube, to which no parallel can be found in the ^luroidea.
" That the interpretation above given is correct may be furthe':-

shown by comparing Viverricula with Genetta (text-fig. 1, G, H),
Civettictis, and other genera where the foraonen rotundum, piercing

the skull, may be seen within the alisphenoid canal by looking

through its posterior orifice, the aperture in the skull close to the

sphenoidal fissure being the anterior orifice of the canal and not

the foramen rotundum of the Felidfe.

'' The alisphenoid canal is also stated in current literature to be

absent in the Hytenidfe ; and this opinion seems to date from
Turner's rejection in 1848 (P. Z. S. 1848, p. 81) of Cuvier's

statement in 1837 that it is present in these animals. Cuvier's

words are :
—

' Dans I'hyene . . . . le trou optique, le spheno-

orbitaire, le rond, le vidien [alisphenoid caiial] et I'ovale difi"erent

pen du chien. J'ai un individu oii il y a un canal vidien d'un

cote et pas de I'autre ' (Anat. Comp. ed. 2, ii. p. 471). This

assertion, suggesting that the canal is generally present and
exceptionally absent, is not altogether correct ; nevertheless.

Turner, Flower, and Mivart were wrong in citing the absence of

the canal as characteristic of the family Hyfenidse. It is usually

absent but sometimes present, at all events in Crocuta (text-fig. 2).

It is much shorter than in Vxverricxda. Nevertheless, its apparent

absence is dvie to the same process as in that genus, namely the

obliteration of its posteiior orifice. There is sometimes no trace

of this orifice ; but quite commonly it is represented by a small

aperture a little in front of the foramen ovale. This aperture

may lead into a very short blindly ending tube, whence a small

hole, also to be seen a,t the posterior end of the canal in Canis,

penetrates the sphenoid bone (text-fig. 2, B). In other and rarer

cases where this aperture is larger, a bristle passed into it

emerges at a tolerably large foramen lying beneath the hinder

end of the sphenoidal fissure in the temjjoral fossa. This foramen

is the anterior end of the canal and not the foramen rotundum
which perforates the base of the skull within the canal behind
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that orifice as in Viverricida, as may be shown by cutting away
the wall of the canal.

" The arrangement above described is, so far as my observations

go, much more obvious in the Spotted Hysena (Crocuta) than in

the Striped Hysena (Hycena). In both genera there may be no

trace of the posterior orifice, but in Hycena this orifice, when
present, is apparently always quite small and never completes the

canal. The foramen rotundum, moreover, is set more forwards,

so that to all intents and purposes it opens direct into the

temporal fossa as in the Felidpe."

Text-fi^ure 2.

/ 2

A.M.

Lett cranial foramina of Crocuta (Spotted Hyaina) with zygoma cut away.
1. optic foramen ; 3. sphenoidal fissure {foramen lacerum. anticum) ; 4. fora-

men ovale; A. 31. auditory meatus ; ah' anterior orifice of alisphenoid canal

;

aV^. partially obliterated posterior orifice of the canal.

The same with the outer wall of thealisphenoid canal {als ) cut away, exposing

the foramen rotundum (3) opening- into it and showing the poste<'ior orifice

of the canal al.- with its minute foramen, shut off by bone from the main
portion of the canal. When this bone is absent, the canal is complete from
end to end.



446 MR. D. SETH-SMITH ON '^ INTENSIVE " POULTRY-HOUSES.

April 4th, 1916.

Dr. A. Smith Woodward, F.R.S., Vice-President,,

in the Chair.

Mr. J. T. Cunningham, M.A., F.Z.S., exhibited a number of

skins of fowls produced in the course of six generations descended
from a cross between a male Gallus hankiva and a female' Silky

fowl. The cross was made at the Society's Gardens in 1910, and
Mr. Cunningham's specimens were bred from a pair of the F I's

given to him in 1911.

The chief points illustrated were :

—

(1) The production of a recessive pile, instead of pure white
recessives ; in the pile the female had reddish brown on the
breast and abdomen, the male had no colour on the abdomen,
but yellow on the back and loins. In the first mature plumage
both sexes had reddish brown on the breast.

(2) The production of two types in the coloured dominants, as

well as individual variations. One type was dark, the other
light : in the former there was an excess of the black colour,

especially about the head, in the latter the head was yellow.

The difference was more conspicuous in the females than in the
males.

Individual differences were shown in compiling a. hen with
vinous-red colour over a considerable part of the body, especially

the breast and wings, and another in which there was no vinous
colour, but a neutral drab. These facts seem to indicate that

segregation occurs between colour and white in Mendelian
fashion, but that the segi'egation is not complete, that the colour

is not a permanent unit, but undergoes subdivision.

Mr. D. Seth-Smith, F.Z.S., Curator of Birds, exhibited lantern-

slide photographs of " intensive " poultry-houses, and remarked
that the Council had decided to hold an exhibition of laying

hens, kept on the intensive system, with a view to educating the
public to the possibility and importance of keeping poidtry for

egg-production, even though their accommodation was limited

to a subui'ban garden or even a back-yard. The system was
explained, and stress laid upon the importance of correct feeding

and suflicient exercise, the latter being pi-ovided by the birds

be'ng compelled to scratch for their grain, which must be buried
under deep litter.

The Exhibitor stated that the houses were of three sizes, to

accommodate from six to thirty birds, and had been lent to the

Society by Mr. Randolph Meech, -who Avas the pioneer of the

system in this country. The exhibition would be open to

the public on April 8th, and some two hundred birds would be

on view.
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Prof. J. p. Hill, D.Sc, F.R.S., F.Z.S., exhibited living speci-

mens of the Caecilian, S'iphonops annulatus, collected by the Pei-cy

Sladen Expedition at Theresopolis, Serra dos Orgaos, Brazil, in

October 1913. He also exhibited a series of photographs of

embryos of the same, obtained from eggs laid at University

College.

Mr. G. A. BouLENGER, F.R.S., F.Z.S., read a paper " On the

Lizards allied to Lacerta muralis, with an Account of Lacerta

agilis and L. j^nrra."

This paper will lie pulilished in the 'Transactions.'

April 18th, 1916.

Dr. S. F. Harmer, M.A., F.R.S., Yice-President,

in the Chair.

The Secretary read the following Report on the Additions

to the Society's Menagerie during the month of March, 1916.

The number of registered additions to the Society's Menagerie
during the month of March was 176. Of these 116 were
actjnired by presentation, .5 were received on deposit, 50 by
purchase, and 5 were born in the Gardens.

The number of departures during the same period, bj' death

and removals, was 158.

Amongst the additions special attenticni may be directed

to :— "

2 Drills [Papio leu,co])h(Tus) , fiom W. Africa, purcliased March
16th.

1 Bay Duiker (Cephalophics dorsalis), from Togoland, presented

by 0. H. Bohner, on March 23rd.

2 Thar {Hemitragus jemlaicus), from Chamba, presented by
the Government of the Punjaub, on March 20th.

2 Axis Deer [Axis a.ri.s), from India, and 3 Bennett's Wallabies

{Afacropus heunetii), from Tasmania, presented by Sir Edmund
G. Loder, Bart., V.P Z.S., on March 21st.

The Secretary read a letter he had received from Lt.-Col.

R. T. Leiper, D.Sc, F.Z.S., R.A.M.C, on the subject of his

recent investigations in reference to Bilharziosis, the life-histoiy

of the parasite and prophylactic measures.

Mr. C. Tate Regan, M.A., F.Z.S., gave an exhibition of

lantern-slides illustrating liovv certain fishes protect their eggs

by carrying them about, either in the mouth (Arius, some
Cichlidfe), on the occiput [Kurtus), on the abdomen (Asjh-edo),

or in a special brood-pouch (Syngnathida?).



448 MR. R. H. BURNE ON TELEOSTEAN FISHES.

May 9th, 1916.

Dr. S. F. Harmer, M.A., F.K.S., Vice-President,
in the Chair.

The Secretary read the following report on the Additions to
the Society's Menagerie during the month of April, 1916 :

—

The number of registered additions to the Society's Menagerie
during the month of April was 90. Of these 36 were acquired
by presentation, 23 were received on deposit, 30 by purchase,
and 1 was born in the Gardens.
The number of departures during the same period, by death

and removals, was 117.

Amongst the additions special attention may be directed to :

—

2 Capybaras {Hydrochcei-us hydrochcerus), from South America,
presented by Sir Edmund G. Loder, Bart., V.P.Z.S., on April 18th.

1 Long-haired Armadillo {Euphractus vellerosus 2^a,n')iostts),

from Cordova, presented by Wilfred A. Smithers, C.M.Z.S., on
April 10th.

2 Australian Barn-Owls {Strix delicatula), from Kalgoorlie,
Western Australia., presented by Dr. J. Vere Arkle, on April 3rd.

3 South-American Ctecilians {Siphonops annulatus), from
Brazil, presented by Prof. J. P. Hill, F.R.S., F.Z.S., on April 4th.

Mr. E,. H. Burne, M.A., F.Z.S., exhibited preparations from
the Royal College of Surgeons Museum of various Teleostean
Fishes *, showing connections of difierent kinds between the
swim-bladder and the ear. The fishes belonged to several
distinct families. In some (Berycidae, Gadida), Hyodontid*,
Notopteridse) the connection was shown to be by direct contact
between a process of the swim-bladder and a fenestra in the
periotic capsule, or even (Clupeidte) between the swim-bladder
and part of the internal ear ; while in others (Ostariophysi) it is

indirect and the swim -bladder is connected with the perilymph
spaces that surround the ear by a chain of ossicles (Weberian
ossicles).

It was suggested that the above connections are probably an
aid in the perception of sound, and, in furtherance of this view,
specimens were shown of the " elastic spring " mechanism in
several Siluroids, by which the walls and contained gases of the
swim-bladder can be made to give rise to sonorous vibrations.

* Presented to the College by Col. C. E. Shepherd.

Correction.

On p. 109 of Prof. Poulton's paper on Moths from Somaliland
" Genus Pachycoa" should read :

" Genus Pachycoa, nov."
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April 4th, 1916.

Dr. A. Smith Woodward, F.R.S., Vice-President,

in the Chair.

The Minutes of the last Scientific Meeting were confirmed.

Mr. J. T. Cunningham, M.A., F.Z.S., exhibited a number of

skins of fowls produced in the course of six generations descended

from a cross between a male Gallus hankiva and a female Silky

fowl. The cross was made at the Society's Gai^dens in 1910, and
Mr. Cunningham's specimens were bred from a pair of the F I's

given to him in 1911.

The chief points illustrated were :

—

(1) The production of a recessive pile, instead of pure white

recessives ; in the pile the female had reddish brown on the

breast and abdomen, the male had no colour on the abdomen,

but yellow on the back and loins. In the first mature plumage
both sexes had reddish brown on the breast.

(2) The production of two types in the coloured dominants, as

well as individual variations. One type was dark, the other

light : in the former there was an excess of the black colour,

especially about the head, in the latter the head was yellow.

The difference was more conspicuous in the females than in the

males.

Individual diflferences were shown in comparing a hen with

* This Absti'act is published by the Society at its offices, Zoological Gai-dens,

Regent's Park, N.W., ou the Tuesday following the date of Meeting to which

it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Siaycjice, or, if desired, sent post-free for

the sum of Six ShUliiir/ti per annum, payable in advance.
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vinons-red colour over a considerable part of the body, especially

the breast and wings, and another in which there was no vinous
colour, but a neutral drab. These facts seem to indicate that

segregation occurs between colour and white in Mendelian
fashion, but that the segregation is not complete, that the colour

is not a permanent unit, but undergoes subdivision.

Mr. D. Seth- Smith, r.Z.S.., Curator of Birds, exhibited lantern-

slide photographs of " intensive " poultry-houses, and remarked
that the Council had decided to hold an exhibition of laying

hens, kept on the intensive system, with a view to educating the
public to the possibility and importance of keeping poultry for

egg-production, even though their accommodation was limited

to a. suburban garden or even a back yard. The system was
explained, and stress laid upon the importance of correct feeding
and sufficient exercise, the latter being provided by the birds

being compelled to scratch for their grain, which must be buried
under deep litter.

The Exhibitor stated that the houses were of three sizes, to

accommodate from six to thirty birds, and had been lent to the
Society by Mr. Randolph Meech, who was the pioneer of the
system in this country. The exhibition would be open to

the public on April 8th, and some two hundred birds would be
on view.

Prof. J. P. Hill, D.Sc, F.R.S., F.Z.S., exhibited living speci-

mens of the Cfecilian, Siphonops annulatus, collected by the Percy
Sladen Expedition at Theresopolis, Serra dos Orgaos, Brazil, in
October 1913. He also exhibited a series of photographs of

embryos of the same, obtained from eggs laid at University
College.

Mr. G. A. BouLENGER, F.R.S., F.Z.S., read a paper " On the
Lizards allied to Lacerta 7nu7-alis, with an Account of Lacerta
agilis and L. p>aTva"

This paper is the third and last instalment of a revision of the
"Wall- Lizards, of which the first two parts were published in the
' Transactions' in 1905 and 1913.

The author has endeavoured to depart from the empirical
method usually followed in the arrangement of species, by tracing
back the various forms of this difficult group to a hypothetical
ancestor of which Lacerta agilis appeai-s to be the nearest living

representative. The characters of lepidosis and coloration on
which his views are based are discussed, and detailed descriptions

are given of L^ agilis and its ally L. parva, the latter being
regarded as the connecting-link between the first and fourth of
the six sections into which it is proposed to divide the genus
Lacerta. All the species of the fourth section, of which the
type, L, micralis, has been dealt with in the previous contri-
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butions, are described witli comments on their mutual relation-

ships. The author's views on the evolution of markings agree
with Eimer's well-known theory, but the original pattern is

carried back to a type more primitive than any postulated by
Eimer, in which a light vertebral streak is present. The lines

of evolution are held to be the i^everse of those advocated more
recently by Prof, von Mehely.

This paper will be published in the 'Transactions.'

Mr. BouLENGER also read a short paper containing an account
of some specimens of the Perciform Fish, Tilcqna nilotica, with
increased number of anal spines.

Mr. Robert Gurney, M.A., F.Z.S., communicated a paper on
a collection of Freshwater Entomostraca made by Mr. G. W.
Smith in Ceylon in 1907. The collection contained examples of

35 species, and one species of Copepoda and two of Ostracoda

were described as new, one of the latter belonging to the typically

African genus Oncocypris.

A paper was received from Major R. Meinertzhagen, F.Z.S.,

on the Sitatnngas (Limnotragus) of the Sesse Islands. The
author found that the Bugalla Island antelopes of this genus
seem to be of the same race as the mainland form, Limnotragus
spekei, but that the Nkose Island form, which he proposed as a

new sidospecies, differed in the shortness of its hoofs and other

characters.

The next Meeting of the Society for Scientific Business will be
held on Tuesday, April ISth, 1916, at half-past Five o'clock p.m.,

when the following communications will be made :

—

Exhibitions and Notices.

R. I. PococK, F.R.S., F.L.S., F.Z>S.

On the External Characters of the Mongooses (Mungotidse).

Major H. Motr Evans, M.D., R.A.M.C.

The Poison-Oi'gan of the Sting-Ray [Trygon pastinaca).
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The following Paper has been received :

—

Dr. J. 0. MOTTRAM.

An Experimental Determination of the Factors wliich cause
Patterns to appear conspicuous in Nature.

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great
increase in the cost of paper and printing. This will render it

necessary for the present that papers should be coiidensed, and
be limited so far as possible to the description of new i-esults.

Communications intended for the Scientific Meetings should

be addi'essed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, N.W.
Airtnl lUA, 1916.



No. 156.

ABSTRACT OF THE PROCEEDINGS

OF THE

ZOOLOGICAL SOCIETY OF LONDON.'

April 18th, 1916.

Dr. S. F. Harmer, M.A., F.R.S., Yice-President,

in the Chair.

The Minutes of the last Scientific Meeting were confirmed.

The Secretary read a Report on the Additions to the Society's

Menagerie during the month of March 1916.

The Secretary read a letter he had received from Lt.-Col.

R. T. Leiper, D.Sc, F.Z.S., R-A.M.C, on the subject of his

recent investigations in reference to Bilharziosis, the life-history

of the parasite and prophylactic measures.

Mr. C. Tate Regan, M.A., F.Z.S., gave an exhibition of

lantern-slides illustrating how certain fishes protect their egijs

by carrying them about, either in the mouth (Arins, some
(Jichlidte), on the occiput [Kurtits), on the abdomen (Aspredo),

or in a special brood-pouch (Syngnathidse).

Major H. M, Evans, M.D., R.A.M.C., read a paper "On tiie

Poison Organ of the Sting-Ray {Trygon pastinaca)."

It has been observed for centuries that the wounds produced
by the serrated spine growing from the base of the whip-like tail

.

of the Sting-Ray produced very severe injuries and pain and

* This Abstract is published by the Society at its ofEces, Zoological Garclcns,

Regent's Park, N.W., on tlie Tuesday following the date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on tlie

day of publication at the price of Sixjjence, or, if desired, sent post-free for

the sum of Six Shillinffs per annum, payable in advance,
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inflammation, which could not be accounted for by the laceration

of the wounds alone.

Dr. Antonio Porta in 1905 described a gland in the groove

lying medially to the rows of teeth on either side, which he stated

is similar to the gland found in Scorpcena.

Major Evans's researches do not confirm Porta's description in

all particulars. The examination of a series of sections shows a

gland of a different tj^pe from that found in the Weevers,
Scoyycena, etc. The points emphasized are :

—

(i.) The origin of the gland from a special epithelial structure

at the base of the spine.

(ii.) The arrangement of follicles discharging their secretion

by ducts or canals, communicating with the exterior by means of

nipples or filaments.

(iii.) The ari-angement of these nipples at the base of the

teeth.

(iv.) The presence of muscular fibres surrounding the main
canals which are instrumental in discharging the venom.

Mr. R. I. PocoCK, F.R.S., F.Z.S., Curator of Mammals, read

a paper, illustrated by lantern-slides, " On the External Charac-

ters of the Mongooses (Mungotidfe)," dealing principally with

the ears, feet, and anal sac. Reasons were given for i^estoring

the genei'ic names Ariela for Crossarchus fasciatus and Atilax

for Mungos paludinosiis. It was also shown that the Mongooses
differ from other Yiveri'idte in the structure of the ears, and that

the type of ear in Suricata is different from that of all other

genera of the family.

The next Meeting of the Society for Scientific Business will be

"held on Tuesday, May 9th, 1916, at half-past Five o'clock p.m.,

when the following communications will be made :
—

EXHIBITI'PyS AND NOTICES.

Miss Dorothea M. A. Bate, Hon.M.B.O.TJ.

On a Small Collection of Yertebi^ate Remains from the

Har Dalam Cavern-, Malta, with Kote '©n a new Species of

the Genus Ci/gnzis.
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Dr. J. C. MOTTRAM.

An Experimental Determination of the Factors which cause

Patterns to appear conspicuous in Nature.

The following Papers have been received :

—

Miss Olive C. Lodge.

Some Enquii-ies into the Question of Baits and Poisons for

Flies ; being the Report on Experimental Work carried out

during 1915 for the Zoological Society of London.

Miss Winifred H. Saunders.

1. Report on Investigations into Stable Manure to check

the Breeding of House-Flies, made during the Year 1915,

for the Zoological Society of London.

2. Report on Trials for catching, repelling, and extermi-

nating Flies in Houses, made during the Year 1915 for the

Zoological Society of London.

3. Report on some Observations on the Life -History of

the Blow-Fly and of the House-Fly, made from August to

September 1915, for the Zoological Society of London.

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and

be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

ZooLOoticAL Society of London,

Regent's Park, London, N.W.
April 25th, 1916.
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May 9th, 1916.

Dr. S. F. Harmer, M.A., F.R.S., Vice-President,

ill the Oliair.

The Minutes of the last Scientific Meeting were confirmed.

The Secretary read a Report on the Additions to the Society's

Menagerie during the month of April 1916.

Mr. R. H. Burne, M.A., F.Z.S., exhibited prepai-ations from
the Royal College of Surgeons Museum of various Teleostean
Fishes t, showing connections of difierent kinds between the
swim-bladder and the ear. The fishes belonged to several

distinct families. In some (Berycidse, Gadidse, Hyodontidee,
Notopteridse) the connection was shown to be by direct contact

between a process of the swim-bladder and a fenestra in the
periotic capsule, or even (Olupeidse) between the swim-bladder
and part of the internal ear ; while in others (Ostariophysi) it is

indirect and the swim-bladder is connected with the perilymph
spaces that surround the ear by a chain of ossicles (Webeiian
ossicles).

It was suggested that the above connections are probably an
aid in the perception of sound, and, in furtherance of this view,

specimens were shown of the " elastic spring " mechanism in

several Siluroids, by which the walls and contained gases of the

swim-bladder can be made to give rise to sonoi-ous vibrations.

* This Abstract is published by the Society at its ofBces, Zoological Gardens,

Regent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the 'Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Six-pence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.

t Presented to the College by Col. C. E. Shepherd.
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Miss Dorothea M. A. Bate contributed a paper dealing with

a collection of vertebrate remains from the Har Dalam Cavern,

Malta. Birds are most numerously represented therein, and

include some bones of an Anserine bird showing a reduction in

its powers of flight. It is believed to be a hitherto-undescribed

species, and is referred to the genus Gygnus. A list is given of

all the species of vertebrates recorded from the Pleistocene cave

and fissu.re deposits of the island.

Dr. J. 0. MoTTRABi read a paper entitled " An Experimental

Determination of the Factors which cause Patterns to appear

conspicuous in Nature."

A series of experiments was carried out with artificial patterns

and backgrounds under controlled conditions of lighting, and a

large number of determining factors were discovered, both as

regards plain and patterned objects and backgrounds. Finally,

the experiments showed that the most conspicuous shape and

pattern which an object can have, when viewed against a series

of plain and patterned backgrounds, was presented by a circular

disc of black, with a central circular area of white. Having

arrived at this conclusion, the Indian diurnal Lepidoptei-a were

completely examined, in order to discover whether any species

presented patterns approaching this ideal conspicuous pattern.

It was found that a considerable number presented patterns

hardly removed from this ideal, and that a large proportion of

these insects are considered to be "protected " species presenting

" warniuij coloration,"

The next Meeting of the Society for Scientific Business will be

held on Tuesday, May 23rd, 1916, at half-past Five o'clock p.m.,

when the following communications will be made :

—

E. G. BOULENGER, F.Z.S.

Exhibition of living specimens of the African Lungfish

(^Protopterus annectens) and of their Cocoons.

Lieut. R. Broom, M.D., C.M.Z.S., R.A.M.C.

On the Structure of the Skull in Chrysocliloris.
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Dr. C. W. Atorews, F.R.S., F.Z.S.

Note on the Sternum of a Bird from the Eocene of

Nigeria.

Dr. A. Smith Woodward, F.R.S., Y.P.Z.S.

On a Mammalian Mandible from the Cretaceous of Alberta,

Canada,

V. LUTSHNTK.

1. List of Carabidas (Coleoptera) collected in Chopersk
District, South Kussia.

2. A new Species of the Genus Platysma (Coleoptera) from
China.

3. Notes on Species of the Genus Platysma from Australia.

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of Loxdon,

Regent's Park, London, N.W.
May IQth, 1916.
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May 23rd, 1916.

Dr. Hexry Woodward, F.R.S., Vice-Presitleut,

in the Chair.

The Minutes of the last Scientific Meeting were confirmed.

Mr. C. Tate Regan, M.A., F.Z.S., exhibited a specimen of the

rare fish, Centrolojjhus britannicus Giinth., the fourtla known
example of this species.

Mr. Regan also exhibited a Silver Ling {2Iolva elongata), neai-ly

600 mm. long, taken from the stomach of a very large Sun-fish

{Mola mold) that had been caught in a trawl, landed at Milford,

and sent to Mr. W. Howlett of Billingsgate Market, who pre-

sented it to the ISTatural History Museum. The Sun-fish appears

generally to swim near the surface and to eat small invertebrates,

larval fishes, etc. It is interesting to note that it may descend

to considerable depths (il/. elongata is usually found at 100 to

300 fathoms) and that it may capture fairly large and active fish.

Mr. E. G. BouLENGER, F.Z.S., Curator of Reptiles, exhibited

living specimens of the African Lungfish (Protujyterus annectens).

The Rev. H. N. Hutchinsox, M.A., F.Z.S., exhibited the

plaster cast of a model, foiu' feet long, which he had constructed,

of the Dinosaur, Dijilodocus carnegiei.

Lieut. R. Broom, M.D., C.M.Z.S., R.A.M.C, read a paper on

the structure of the skull in Chrysocltloris.

Two stages in the development of the skull have been studied.

* Tliis Abstract is published by the Society at its offices, Zoological Gardens,

Eegent's Park, N.W., on the Tuesday following the date of Meeting to which

it refers. It will be issued, along with the • Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.



30

The earlier is that of a newly born Ch-ysochloris hottentota, whose

skull has been cut into microscopic sections and reconstructed,

and a somewhat later stage of Chrysochloris asiatica. whose skull

has been prepared for the study of the membrane-bones. The

following are the most interesting features discovered :

—

External to the exoccipitals on each side is a large membrane-

bone which partly covers the petrosal or periotic. This is believed

to be the homologue of the bone which occurs in Therapsid and

most primitive reptiles, and usually referred to as the tabular.

The sections prove that it is no part of the auditory capsule.

Along the inner side of the preavticular or " goniale "—the

little membrane-bone which supports the underside of the upper

end of Meckel's cartilage—is a second membrane-bone, which, it

is believed, has not been previously recognised in the mammal
skull. This may be the homologue of the reptilian surangular.

Under the back part of the nasal capsule, and situated between

the capsule above and the alisphenoid and pteiygoid below, is a

large membrane-bone of doubtful significance. It is probably

the homologue of the " postero-lateral vomer" of Parker.

The skull is held to be in some respects highly specialised and

in others degenerate, although also retaining a number of very

primitive characters.

Dr. 0. W. Andrews, F.R.S., F.Z.S., described an incomplete

sternum of a gigantic carinate bird from the (?) Eocene of

Mo-eria. Comparison with the sterna of several groups of birds

leads to the conclusion that this specimen, though differing

considerably from the sternum of any living member of the

group, belonged to a very large representative of the Tubinares.

It has about twice the linear dimensions of the sternum of

an Albatross, of which the spread of wing (in the flesh) was

10 ft. 8 in. It is proposed to refer this species to a new genus

Gigantornis, the specific name being G. eaglesomei after its

discoverer.

Dr. A. Smith 'Woodward, F.R.S., V.P.Z.S., read a paper on a

mammalian mandibular ramus from an Upper Cretaceous for-

mation in Alberta, Canada. The specimen represented an

opossiim-like marsupial, and he referred it to a new species of

Cimolestes named C. cutleri in honour of its discoverer, Mr.

William E. Cutler. The close dental series behind the canine

measured 30 mm. in length, and the molars differed from those

of the two known species of the genus in their relatively less

elevated trigonid. The foui'th premolar was a large, tumid,

laterally compressed cone, with one well-separated posterior cusp.

Mr. V. LuTSHNiK communicated the following three short

Coleoptera papers :—(1) A List of Carabidte collected in Chopersk

District, South Russia, (2) On a new Species of the Genus Platysma

from China, and (3) Notes on Species of i^Zafv/sma from Australia.
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Mr. E. G. BouLENGER, F.Z.S., Curator of Eeptiles, desmbed
a new Lizard of the genus Phrynosoma, recently received

among a small collection of reptiles presented to the Society by
Dr. H. G. F. Spurrell, F.Z.S.

Dr. R. W. SuuFELDT, C.M.Z.S., communicated some notes on
cases of albinism seen in American animals.

The next Meeting of the Society for Scientific Business, closing

the Session 1915-1916, will be held on Tuesday, June 6th, 1916,

at half-past Five o'clock p.m., when a Discussion will take place

on the Results published in the ' Biologia-Centrali-Americana,'
with special reference to the zoo-geographical relations between
America and Africa.

The Discussion will be opened by Dr. F. DuOane Godman,
F.R.S., F.Z.S., and, amongst others, the following will take
part:—Dr. A. Smith Woodward, F.R.S., Di-. H. Gadow, F.R.S.,

Mr. C. Tate Regan, Mr. R. I. Pocock, F.R.S., and Dr. 0. W.
Andrews, F.R.S.

The following Papers have been received :—

James F. Gemmill, M.A., M.D , D.Sc, F.Z.S.

Notes on the Development of the Starfishes J sierv;«s glacialis

O. F. M., Cribrella oculata (Linck) Forbes, Solaste^- endeca
(Retzius) Forbes, Slichaster roseus (0. F. M.) Sars.

S. Maulik, B.A. (Cantab.), F.E.S.

On-Cryptostome Beetl.es in the Cambridge University Museum
of Zoology.

Sir John A. S. Bucknill, M.A., F.Z.S.

Notes on the Lepidoptera of Cyprus.
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The Pablication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings shoiald

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, N.W.
May 30th, 1916.
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Prof. E. W.'MacBride, D.Sc, F.R.S., Yice-President,

in the Chair.

The Minutes of the last Scientific Meeting were confirmed.

An informal discussion on the results published in the
' Biologia-Centrali-Americana,' with special reference to the zoo-

geographical relations between America and Africa, was opened

by Dr. F. DuOane Godman, F.R.S., followed by Dr. H. Gadow,
F.R.S, Dr. A. Smith Woodward, F.R.S., Mr. C. Tate Regajt,

Mr. R. I. PococK, F.R.S., Dr. C. W. Andrews, F.R.S., Lord
Rothschild, D.Sc, F.R.S., Prof. J. P. Hill, D.Sc, F.R.S.,

Mr. W. L. ScLATER, Dr. R. Broom, and the Chairman.

This Meeting closes the Session 1915-1916, The next Meeting

of the Society for Scientific Business will be held on Tuesday,

October 24th, 1916, at half-past Five o'clock p.m.

* This Abstract is published by the Society at its offices, Zoological Grardens,

Regent's Park, N.W., on the Tuesday following the date of Meeting to which

it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on

the day of publication at the price of Sixpence, or, if desired, sent post-frea

for the sum of Six Shillings per annum, payable in advance.
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The following Papers have been received :

—

James F. Gemmill, M.A., M.D., D.Sc, F.Z.S.

Notes on the Development of the Starfishes Asterias glackdis

0. F. M., Crihrella ocidata (Linck) Forbes, Solaster endeca

(Retzius) Forbes, Stichaster roseus (0. F. M.) Sars.

S. Maulik, B.A. (Cantab.), F.E.S.

On Oryptostome Beetles in the Cambridge University Museum
of Zoology.

H. g. Newth, A.E..C.S., F.Z.S .

The Early Development of Cucumaria : Preliminary Ac-
count.

R. E. Turner, F.Z.S., F.E.S.

Notes on the Wasps of the Genus Pison and some allied

Genera,

F. E. Beddard, M.A., D.Sc, F.R.S., F.Z.S.

On Two new Species of Cestodes belonging respectively to

the Genera Linstowia and Gotugnia.

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and

be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

ZooLouicAL Society of London,

Regent's Park, London, N.W.
June \2>th, 1916.
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